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(54) Optical pick-up apparatus, light converging optical system of optical pick-up apparatus, and 
optical information recording and reproducing method 



(57) An optical pickup apparatus for recording and/ 
or reproducing information for an optical information re- 
cording medium having a plurality of information record- 
ing layers, comprising: a light source to emit a light flux; 
and a converging optical system to converge the light 
flux emitted from the light source onto each information 
recording layer of the plurality of information recording 
layers. The converging optical system converges a light 
flux having an image side-numerical aperture of 1 .0 or 
more onto the each information recording layer so as to 
conduct recording and/or reproducing information for 
the each information recording layer. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an optical s 
pick-up apparatus to record and reproduce the informa- 
tion onto the optical information recording medium hav- 
ing a plurality of information recording layers, in layer- 
like, and a light converging optical system of the optical 
pick-up apparatus, and optical information recording 10 
and reproducing method, and particularly to an optical 
pick-up apparatus to record or reproduce the informa- 
tion onto a laminated plurality of information recording 
layers, by using a luminous flux whose image side nu- 
merical aperture is not smaller than 1 .0, using an eva- is 
nescent light, a light converging optical system of the 
optical pick-up apparatus, and optical information re- 
cording and reproducing method. 
[0002] Recently, accompanied by putting to practical 
use of the short wavelength red semiconductor laser, a 20 
DVD (digital versatile disk) whose dimension is almost 
the same as the CD (compact disk) which is the conven- 
tional optical disk, that is, optical information recording 
medium, and whose capacity is largely increased and 
which is the high density optical disk, is developed, and 25 
put into the market, however, it is forecasted that, in near 
future, the higher density next generation optical disk is 
also comes into the market. In the optical system of the 
optical information recording and reproducing appara- 
tus using such the optical disk as the medium, in order 30 
to intend to highly increase the density of the recording 
signal, or to reproduce the high density recording signal, 
it is required that the spot diameter which is light con- 
verged onto the recording medium through the light con- 
verging optical system is reduced. For such the require- 35 
ment, as a solution means, the optical element using the 
principle of near field is proposed. The high NA of such 
the optical element is attained by using the evanescent 
light which is leaked from a solid immersion lens oppo- 
site to the information recording surface, and for exam- *o 
pie, it is written in Japanese Tokkai No. 2000-99990. 
[0003] However, when the information is recorded or 
reproduced to the optical information recording medium 
by using the evanescent light, because the evanescent 
light has the characteristic which rapidly attenuates cor- 45 
responding to the distance, it is necessary that the in- 
formation recording surface is formed on the surface of 
the optical information recording medium. However, a 
fact that the information recording surface is formed on 
the surface of the optical information recording medium, so 
is that the protective layer can not be provided on the 
information recording surface. Accordingly, when it is 
used only in the hermetically shielded space, such the 
optical information recording medium can be used, how- 
ever, for the removable optical disk such as the CD or ss 
DVD whose presupposition is that the user exchanges 
it by his hand, it is difficult that the information is record- 
ed or reproduced by using the evanescent light. 




[0004] Further, in order to intend to record or repro- 
duce the high density information, the multi-layer type 
optical information recording medium in which the infor- 
mation recording layer is laminated, is also developed. 
When the recording or reproducing of the information is 
conducted onto such the optical information recording 
medium, it is a problem how makes the information re- 
cording light including the evanescent light form an im- 
age onto each of information recording layers. 

SUMMARY OF THE INVENTION 

[0005] The present invention is attained in view of the 
forgoing conventional technological problem, and an 
object of the present invention is to provide an optical 
pick-up apparatus by which the high density optical in- 
formation recording or reproducing can be conducted 
onto the multi-layer type optical information recording 
medium, a light converging optical system of the optical 
pick-up apparatus, and optical information recording or 
reproducing method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] Fig. 1 is a sectional view of a final optical ele- 
ment (almost semi spherical lens) constituting a portion 
of an objective lens of the present invention. 
[0007] Fig. 2 is an outline structural view of an optical 
pick-up apparatus by which the recording or reproduc- 
ing of the information can be conducted onto a multi- 
layer type optical information recording medium which 
is an embodiment of the present invention. 
[0008] Fig. 3 is an outline structural view showing an 
optical system according to the second embodiment. 
[0009] Fig. 4 is an outline structural view showing an 
optical system according to the third embodiment. 
[0010] Figs. 5(a) and 5(b) each is a view showing the 
relationship between the final optical element and dia- 
phragm according to the fourth embodiment. 
[001 1 ] Figs. 6(a) and 6(b) each is a view showing the 
relationship between the objective lens and diaphragm 
according to the fifth embodiment. 
[0012] Figs. 7(a) and 7(b) each is a view showing a 
light converging optical system according to the sixth 
embodiment. 

[0013] Figs. 8(a) and 8(b) each is a view showing the 
light converging optical system according to the seventh 
embodiment. 

[0014] Figs. 9(a) and 9(b) each is a view showing a 
light converging optical system according to the eighth 
embodiment. 

[0015] Fig. 10 is a view showing an objective lens 
composition according to another embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0016] Hereinafter, the structure to attain the above 
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object will be explained. 
[0017] An optical pick-up apparatus of (1) is an optical 
pick-up apparatus which has a light source, and a light 
converging optical system to light converge onto any of 
information recording layers of the optical information 5 
recording medium having the laminated plurality of in- 
formation recording layers, and in the optical pick-up ap- 
paratus in which the recording or reproducing of the in- 
formation is conducted onto the optical information re- 
cording medium, because the light converging optical io 
system records or reproduces the information onto the 
information recording layer by light converging the lumi- 
nous flux whose image side numerical aperture is not 
smaller than the 1 .0, onto the optical information record- 
ing layer, the high density optical information recording 15 
or reproducing can be conducted onto the optical infor- 
mation recording medium. In this connection, as such 
the light converging optical system, so called a solid im- 
mersion lens, SIL, or SIM (which will be described later), 
is included, but, it is not limited to this. 20 
[0018] In the optical system of the conventional opti- 
cal pick-up apparatus, it is difficult to attain more than 
the image side numerical aperture (NA) of 1 .0. The rea- 
son will be described below. The image side numerical 
aperture is defined as n - sin 9 (n is the refractive index 25 
of the medium of the image space, and the 6 is a half 
angle of the maximum cone angle in the medium of the 
image space), however, in the optical pick-up appara- 
tus, when the recording and reproducing of the informa- 
tion is conducted onto the recording medium rotating 30 
like the CD, the air layer absolutely exists between the 
optical system and the recording medium, and its refrac- 
tive index n is 1. Further, because -1 ^ sin 9 ^ 1, the 
NA is 1 at the maximum, and in the actual image forma- 
tion, the NA can only have a value not larger than 1 . 35 
[0019] As described above, in the optical pick-up ap- 
paratus, on the presupposition that the air layer exists 
between the optical system and the optical information 
recording medium, when the image side numerical ap- 
erture (NA) can attain more than 1, because the spot 40 
diameter in the information recording layer can be re- 
duced very small, the recording density of the optical 
information recording medium is increased, and while 
intending to reduce the size of the recording medium, 
the larger capacity information can be recorded or re- 45 
produced. Further, in the optical information recording 
medium having a plurality of information recording lay- 
ers, an increase of the volume recording density can be 
intended. 

[0020] In opposition to this, in the present invention, so 
as an example of the optical system to attain the image 
side numerical aperture (NA), which is not smaller than 
1 , a light converging optical system using the effect of 
the near field is provided. Herein, the providing of the 
light converging optical system using the effect of the 55 
near field will be described below. Fig. 1 is a sectional 
view of the final optical element (almost semi-spherical 
lens) constituting a portion of the light converging optical 



system of the present invention. The luminous flux inci- 
dent to the almost semi-spherical lens transmits within 
the range of the first predetermined angle 91, and is ir- 
radiated onto the recording medium RM. However, for 
the luminous flux exceeding the first predetermined an- 
gle 91, it is totally reflected on the lower surface of the 
almost semi-spherical lens HL, and as the result, it is 
said that the luminous flux is not effectively irradiated 
onto the recording medium RM. 
[0021] Herein, when the light is totally reflected on the 
lower surface of the almost semi -spherical lens HL, 
there is a phenomenon that the evanescent light leaks 
out to the recording medium RM. Such the effect is 
called the near field effect, and the leaked-out light is 
called the evanescent light E. The evanescent light E 
has the characteristic that, after it is emitted from the 
almost semi-spherical lens HL, as the distance is larger, 
the light exponentially attenuates. Accordingly, when 
the distance A between the lower surface of the almost 
semi-spherical lens HL and the upper surface of the re- 
cording medium RM is larger, the evanescent light E at- 
tenuates and it can not be effectively used for the re- 
cording or reproducing of the information. However, 
when it is set that the distance A between the almost 
semi-spherical lens HL and the upper surface of the re- 
cording medium RM is smaller, (for example, lower than 
the wavelength of the transmitted light), because, before 
the evanescent light E attenuates, the tight reaches the 
recording medium RM, the light can be used for the re- 
cording or reproducing of the information. That is, when 
the recording or reproducing of the information is con- 
ducted by using the luminous flux within the range which 
exceeds the first predetermined angle 91 and which is 
to the second predetermined angle 92, and which is to- 
tally reflected, the light converging optical system whose 
image side numerical aperture (NA) is not smaller than 
1.0 can be structured. In this connection, the light con- 
verging optical system is not only the above final optical 
element, but may also be structured of a plurality of op- 
tical elements. Further, when the distance A is smaller 
than the wavelength of the information recording light 
used for the recording or reproducing of the information, 
it can be effectively used before the attenuation of the 
evanescent light. 

[0022] In an optical pick-up apparatus described in 

(2) , because the light conversing optical system has the 
final optical element opposite to the optical information 
recording medium, and the final optical surface of the 
final optical element is in contact with the surface of the 
optical information recording medium, the luminous flux 
to a predetermined angle 92 is not totally reflected on 
the lower surface of the almost semi-spherical lens HL 
and transmits it, and the recording or reproducing of the 
information can be conducted. 

[0023] In an optical pick-up apparatus described in 

(3) , the light converging optical system has the final op- 
tical element opposite to the light information recording 
medium, and because the final optical surface of the fi~ 
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nal optical element approximates to the surface of the 
optical information recording medium by spacing the 
distance not larger than one fourth of the wavelength of 
the light source, the recording or reproducing of the in- 
formation can be conducted by using the evanescent s 
light E. 

[0024] In an optical pick-up apparatus described in 

(4) , because a plurality of light converging optical sys- 
tems are provided, and each of light converging optical 
systems is used for recording or reproducing of the in- to 
formation for respectively different information record- 
ing layers, when the recording or reproducing of the in- 
formation is conducted onto each of information record- 
ing layers of the multi-layer type optical information re- 
cording medium, the aberration correction correspond- is 
ing to each layer can be independently conducted, and 
when the recording or reproducing of the information is 
conducted onto the different information recording lay- 
ers, an appropriate and quick recording or reproducing 

of the information can be conducted. 20 
[0025] In an optical pick-up apparatus described in 

(5) , the apparatus has a selection means to select the 
information recording layer to be recorded or repro- 
duced from a laminated plurality of information record- 
ing layers, and because the recording or reproducing of 25 
the information is conducted on the information record- 
ing layer selected by the selection means, the recording 

or reproducing of the information can be appropriately 
conducted on each of information recording layers of the 
multi-layer type optical information recording medium. 30 
[0026] In an optical pick-up apparatus described in 

(6) , the light converging optical system has at least 2 
final optical elements, and each of final optical elements 
is used for the recording or reproducing of the informa- 
tion onto the respective different information recording 35 
layers, and when the selection means selects any one 

of the plurality of final optical elements, because the re- 
cording or reproducing of the information is conducted 
on the information recording layer corresponding to the 
selected final optical element, the aberration correction 40 
corresponding to each layer can be independently con- 
ducted, and the recording or reproducing of the informa- 
tion can be appropriately conducted on each of informa- 
tion recording layers of the multi-layer type optical infor- 
mation recording medium. 45 
[0027] In an optical pick-up apparatus described in 

(7) , because the selection means changes the wave- 
length of the light source corresponding to each of the 
laminated information recording layers for the informa- 
tion to be recorded or reproduced, the light converging so 
optical system to irradiate the light onto each of the in- 
formation recording layers or the detection optical sys- 
tem of the light reflected from that can be commonly 
used, and although the apparatus is a structure which 

is simple, and whose space saving can be intended, the 55 
appropriate and quick recording or reproducing of the 
information can be conducted. 

[0028] In an optical pick-up apparatus described in 




(8) , because the selection means is provided with at 
least one optical element to change the divergence de- 
gree or convergence degree of the incident light into the 
final optical element corresponding to each of laminated 
information recording layers to record or reproduce the 
information on the light source side of the final optical 
element, when the recording or reproducing of the infor- 
mation is conducted on each of information recording 
layers, the degree of freedom in the optical design work 
such as the aberration correction can be expanded. As 
an example of the optical element to change the diver- 
gence degree or convergence degree of the incident 
light into the final optical element, it includes a beam 
expander, coupling lens, or refractive index changing 
liquid crystal plate, but it is not limited to these elements. 
[0029] In an optical pick-up apparatus described in 

(9) , the optical element to change the divergence de- 
gree or convergence degree of the incident light into the 
final optical element has a positive lens group having 
the positive refractive power and a negative lens group 
having the negative refractive power, and at least one 
lens group is displaceable movable element, and the ab- 
erration correction can be arbitrarily conducted when 
the recording or reproducing of the information is con- 
ducted onto each of information recording layers. 
[0030] In an optical pick-up apparatus described in 

(10) , the optical element to change the divergence de- 
gree or convergence degree of the incident light into the 
final optical element is formed of one positive lens, and 
one negative lens, and because at least one of them is 
a displaceable and movable element, the aberration 
correction can be arbitrarily conducted when the record- 
ing or reproducing of the information is conducted onto 
each of information recording layers. 

[0031] In an optical pick-up apparatus described in 

(11) , the information recording medium includes the first 
recording layer and second recording layer in the order 
of nearer distance from the final optical element, and in 
a case where the recording or reproducing is conducted 
onto the first recording layer, because the interval be- 
tween the negative lens group and the positive lens 
group is increased more than a case where the record- 
ing or reproducing of the information is conducted onto 
the second recording layer, it can cope with a fact that 
it is necessary that the divergent angle of the incident 
light into the second recording layer is increased more 
than the incident light into the first recording layer. 
[0032] In an optical pick-up apparatus described in 

(12) , the optical element to change the divergence de- 
gree or convergence degree of the incident light into the 
final optical element corrects the spherical aberration or 
the axial chromatic aberration which hinders the record- 
ing or reproducing of the information, in the information 
recording layer to record or reproduce. Because the op- 
tical element to change the divergence degree or con- 
vergence degree of the incident light into the final optical 
element not only change the information recording layer 
to record or reproduce the information, but also charges 
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the change of the spherical aberration generated in the 
final optical element on the optical recording surface of 
the objective layer, and correction of the axial chromatic 
aberration, it is not necessary that another optical ele- 
ment to correct these aberrations is used, and the com- 5 
pactness of the optical system and the cost reduction 
thereof can be intended. 

[0033] In an optical pick-up apparatus described in 

(13) , the optical element to correct the variation of the 
spherical aberration and the axial chromatic aberration w 
satisfies the following expression. 

vdP>vdN (1) 

15 

Where vdP : the average of Abbe's number of d-line of 
total positive lens including the positive lens (group), 
vdN : the average of Abbe's number of d-line of total 
negative lens including the negative lens (group). 
[0034] The above expression (1) shows the condition 20 
relating to the correction of axial chromatic aberration. 
Due to the minute variation of the oscillation wavelength 
of the light source or the temperature and humidity 
change, in the case where the spherical aberration of 
the final optical element changes, when a means to cor- 25 
rect this is composed of, for example, the optical ele- 
ment which is displaceable in the optical axis direction, 
such the optical element is moved by an adequate 
amount, and the divergence degree of the luminous flux 
incident to the final optical element can be changed so 30 
that the spherical aberration of the final optical element 
becomes minimum. However, when the materials of the 
positive lens and negative lens in the means to correct 
the variation of the spherical aberration are selected so 
as to satisfy the expression ( 1 ), the chromatic aberration 35 
having the reversal polarity to the chromatic aberration 
generated in the final optical element can be generated. 
Accordingly, the axial chromatic aberrations are can- 
celled with each other, and the wave front which trans- 
mits the means to correct the variation of the spherical *o 
aberration and the final optical element, and is focused 
onto the optical information recording medium, is in a 
condition that the axial chromatic aberration is sup- 
pressed small. 

[0035] In an optical pick-up apparatus described in *s 

(14) , the vdP and the vdN satisfy the following expres- 
sions. 

vdP > 55 (2) m 



vdN < 35 (3) 

[0036] When the difference between Abbe's numbers ss 
of the positive lens and the negative lens is increased, 
because the chromatic aberration of the reversal polar- 
ity to the final optical element can be generated larger, 




the axial chromatic aberration of the optical information 
recording and reproducing optical system can be cor- 
rected better. 

[0037] In an optical pick-up apparatus described in 

(1 5) , because the optical element to vary the divergence 
degree or convergence degree of the incident light to 
the final optical element can change the refractive index 
distribution, the recording or reproducing of the informa- 
tion can be conducted more adequately onto each of 
information recording layers. Herein, as the element 
which can change the refractive index, the refractive in- 
dex change liquid crystal plate is so referred, but it is not 
limited to this. 

[0038] In an optical pick-up apparatus described in 

(16) , because at least one optical element which struc- 
tures the light converging optical system, has at least 
one aspherical optical surface, by using such the as- 
pherical optical surface, the spherical aberration gener- 
ated in the optical system can be corrected. 

[0039] In an optical pick-up apparatus described in 

(17) , at least one optical element which structures the 
light converging optical system, is provided with the dif- 
fraction surface having the ring band-like diffraction 
structure, and because, by using such the diffraction 
surface, the axial chromatic aberration can be effective- 
ly corrected, it is not necessary that the optical element 
for the axial chromatic aberration correction is newly 
provided, and the low cost and space saving is possible. 
In this connection, for the optical element having the dif- 
fraction surface, in the case where the optical system is 
structured by a plurality of lenses, one lens is included, 
and particularly, when the optical system is structured 
by the positive lens or negative lens, it includes one of 
them. Further, it also includes the optical element which 
is separately provided other than these lenses. 
[0040] In an optical pick-up apparatus described in 

(18) , because at least one optical system constituting 
the light converging optical system is formed of a mate- 
rial whose specific gravity is not larger than 2.0, thereby, 
the weight reduction can be intended, and the burden 
onto the displacing apparatus such as the focusing ap- 
paratus can be lightened. 

[0041] In an optical pick-up apparatus described in 

(19) , because at least one optical element constituting 
the light converging optical system is formed of a plastic 
material, the weight reduction can be attained, and while 
lightening the burden onto the displacing apparatus 
such as the focusing apparatus, the processing such as 
the formation of the diffraction structure or aspheric sur- 
face can be easily conducted. 

[0042] In an optical pick-up apparatus described in 

(20) , because at least one optical element constituting 
the light converging optical system is formed of a mate- 
rial whose saturation water absorption is not larger than 
0.5 %, the deterioration of the performance at the time 
of humidity change can be suppressed. 

[0043] In an optical pick-up apparatus described in 

(21) , because at least one optical element constituting 
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the light converging optical system isTbrmed of a mate- 
rial whose internal transmissivity is not smaller than 85 
% at the thickness of 3 mm to the light of the oscillation 
wavelength of the light source, the using efficiency of 
the incident light can be in creased. 5 
[0044] In an optical pick-up apparatus described in 

(22) , because the light converging optical system has at 
least 2 apertures to regulate the image side numerical 
aperture in a plurality of information recording layers of 

the optical information recording medium, it can change w 
the aperture sop to regulate the information recording 
light for each of information layers to be recorded or re- 
produced, and the image formation at a predetermined 
image side numerical aperture (NA) can be conducted 
in each of information recording layers. 15 
[0045] In an optical pick-up apparatus described in 

(23) , at least one of the apertures is placed between the 
final optical element and the information recording me- 
dium. For example, when the final optical element is a 
catadioptric, the final surface can be divided into the mir- 20 
ror surface portion and the transmission portion to trans- 
mit the converging light. In such the case, when the 
transmission portion is made a minute opening and si- 
multaneously the role of the aperture is made to be per- 
formed, the using efficiency of the incident light can be 25 
increased, and the low cost, size reduction, and weight 
reduction can be intended. 

[0046] In an optical pick-up apparatus described in 

(24) , because at least one optical element of the optical 
system is formed by etching, the minute optical element 30 
can be accurately molded. 

[0047] An optical pick-up apparatus described in (25) 
has the light source, and the light converging optical sys- 
tem to light converge the luminous flux emitted from the 
light source onto any one information recording layer of 35 
the optical information recording medium having a lam- 
inated plurality of information recording layers, and in 
the optical pick-up apparatus by which the recording 
and/or reproducing of the information is conducted onto 
the optical information recording medium, the light con- *o 
verging optical system has the final optical element op- 
posite to the optical information recording medium, 
spacing a smaller interval than the wavelength of the 
light source, and when the light converging optical sys- 
tem light converges the luminous flux whose image side 45 
numerical aperture is not smaller than 1 .0, because the 
recording or reproducing of the information is conducted 
onto the information recording layer, the high density op- 
tical information recording or reproducing can be con- 
ducted onto the optical information recording medium, so 
in the same manner as in the optical pick-up apparatus 
described in (1). Further, because the air layer can be 
provided between the optical information recording me- 
dium and the final optical element, the optical informa- 
tion recording medium can be made, for example, to a ss 
circular rotating disk such as a CD, and the recording 
and/or reproducing of the information can be conducted 
at the higher speed, and the optical information record- 



ing medium can be made to a removable one with ex- 
cellent handling. 

[0048] An optical pick-up apparatus described in (26) 
is characterized in that the light converging optical sys- 
tem has the final optical element opposed to the optical 
information recording medium, and the final optical sur- 
face of the final optical element is approximate to the 
surface of the optical information recording medium 
spacing the distance not larger than one fourth of the 
wavelength of the light source. The effect of such the 
invention is the same as the invention described in (3). 
[0049] An optical pick-up apparatus described in (27) 
is characterized in that the light converging optical sys- 
tems are provided plural numbers, and each of the light 
converging optical systems is used for recording or re- 
producing of the information onto the respectively differ- 
ent information recording layers. The effect of such the 
invention is the same as the invention described in (4). 
[0050] An optical pick-up apparatus described in (28) 
is characterized in that it has the selection means to se- 
lect the information recording layers to be recorded or 
reproduced, and the information is recorded or repro- 
duced onto the information recording layers selected by 
the selection means. The effect of such the invention is 
the same as the invention described in (5). 
[0051 ] An optical pick-up apparatus described in (29) 
is characterized in that the light converging optical sys- 
tem has at least 2 final optical elements, and each final 
optical element is used for the recording or reproducing 
of the information onto the respectively different infor- 
mation recording layers, and when the selection means 
selects any one of the plurality of final optical elements, 
the recording or reproducing of the information is con- 
ducted onto the information recording layer correspond- 
ing to the selected final optical element. The effect of 
such the invention is the same as the invention de- 
scribed in (6), 

[0052] An optical pick-up apparatus described in (30) 
is characterized in that the selection means changes the 
wavelength of the light source corresponding to each of 
laminated information recording layers for the informa- 
tion to be recorded or reproduced. The effect of such 
the invention is the same as the invention described in 
(7). 

[0053] An optical pick-up apparatus described in (31 ) 
is characterized in that the selection means provides at 
least one optical element by which the divergence de- 
gree or convergence degree of the incident light into the 
final optical element is varied corresponding to each of 
laminated information recording layers for the informa- 
tion to be recorded or reproduced, on the light source 
side of the final optical element. The effect of such the 
invention is the same as the invention described in (8). 
[0054] An optical pick-up apparatus described in (32) 
is characterized in that the optical element to vary the 
divergence degree or convergence degree of the inci- 
dent light into the final optical element has the positive 
lens group having the positive refractive power and the 
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negative lens group having the negative refractive pow- 
er, and at least one lens group of them is a displaceable 
movable element. The effect of such the invention is the 
same as the invention described in (9). 
[0055] An optical pick-up apparatus described in (33) s 
is characterized in that the optical element to vary the 
divergence degree or convergence degree of the inci- 
dent light into the final optical element is composed of 
a positive lens and a negative lens, and at least one lens 
of them is a displaceable movable element. The effect 10 
of such the invention is the same as the invention de- 
scribed in (10). 

[0056] An optical pick-up apparatus described in (34) 
is characterized in that the information recording medi- 
um includes the first recording layer and the second re- 15 
cording layer in the order of the distance nearer to the 
final optical element, and when the recording or repro- 
ducing is conducted onto the first recording layer, the 
distance between the negative lens group and the pos- 
itive lens group or the distance between the negative 20 
lens and the positive lens is more increased than the 
case where the recording or reproducing of the informa- 
tion is conducted onto the second recording layer. The 
effect of such the invention is the same as the invention 
described in (11). 25 
[0057] An optical pick-up apparatus described in (35) 
is characterized in that the optical element to vary the 
divergent degree or the convergent degree of the inci- 
dent light into the final optical element corrects the 
spherical aberration or axial chromatic aberration which 30 
hinders the recording or reproducing of the information, 
in the information recording layer to be recorded or re- 
produced. The effect of such the invention is the same 
as the invention described in (12). 

[0058] An optical pick-up apparatus described in (36) 35 
is characterized in that the optical element to correct the 
variation of the spherical aberration and the axial chro- 
matic aberration satisfy the following expression. 



vdP > vdN 



(D 



vdP > 55 



vdN<35 



(2) 



(3) 



40 



Where, vdP : the average of Abbe's number of d line of 
the all positive lenses including the positive lens (group), 
and vdN : the average of Abbe's number of d line of the <s 
all negative lenses including the negative lens (group). 
The effect of such the invention is the same as the in- 
vention described in (13). 

[0059] An optical pick-up apparatus described in (37) 
is characterized in that the vdP and the vdN satisfy the so 
following expression. 



55 



The effect of such the invention is the same as the in- 
vention described in (14). 

[0060] An optical pick-up apparatus described in (38) 
is characterized in that the optical element to vary the 
divergent degree or convergent degree of the incident 
light into the final optical element can change the refrac- 
tive index. The effect of such the invention is the same 
as the invention described in (15). 
[0061 ] An optical pick-up apparatus described in (39) 
is characterized in that at least one optical element con- 
stituting the light converging optical system has at least 
one aspherical optical surface. The effect of such the 
invention is the same as the invention described in (1 6). 
[0062] An optical pick-up apparatus described in (40) 
is characterized in that at least one optical element con- 
stituting the light converging optical system has the dif- 
fraction surface having the ring band-like diffraction 
structure. The effect of such the invention is the same 
as the invention described in (17). 
[0063] An optical pick-up apparatus described in (41 ) 
is characterized in that at least one optical element con- 
stituting the light converging optical system is formed of 
the material whose specific gravity is not larger than 2.0. 
The effect of such the invention is the same as the in- 
vention described in (18). 

[0064] An optical pick-up apparatus described in (42) 
is characterized in that at least one optical element con- 
stituting the light converging optical system is formed of 
the plastic material. The effect of such the invention is 
the same as the invention described in (19). 
[0065] An optical pick-up apparatus described in (43) 
is characterized in that at least one optical element con- 
stituting the light converging optical system is formed of 
the material whose saturation water absorption is not 
larger than 0.5 %. The effect of such the invention is the 
same as the invention described in (20). 
[0066] An optical pick-up apparatus described in (44) 
is characterized in that at least one optical element con- 
stituting the light converging optical system is formed of 
the material whose internal transimissivity is not smaller 
than 85 % in the thickness of 3 mm to the light of the 
oscillation wavelength of the light source. The effect of 
such the invention is the same as the invention de- 
scribed in (21). 

[0067] An optical pick-up apparatus described in (45) 
is characterized in that the light converging optical sys- 
tem has at least 2 apertures to regulate the image side 
numerical aperture in a plurality of information recording 
layers of the optical information recording medium. The 
effect of such the invention is the same as the invention 
described in (22). 

[0068] An optical pick-up apparatus described in (46) 
is characterized in that at least one of the apertures is 
positioned between the final optical element and the op- 
tical information recording medium. The effect of such 
the invention is the same as the invention described in 
(23). 

[0069] An optical pick-up apparatus described in (47) 
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is characterized in that at least one of optical element 
of the light converging optical system is formed by the 
etching. The effect of such the invention is the same as 
the invention described in (24). 

[0070] In an optical pick-up apparatus described in £ 
(48) which has a light source, and a light converging op- 
tical system to converge the light onto any one informa- 
tion recording layer of the optical information recording 
medium having a laminated plurality of information re- 
cording layers, and in which the recording and/or repro- 10 
ducing of the information is conducted onto the optical 
information recording medium, the optical pick-up appa- 
ratus is characterized in that the optical information re- 
cording medium has a transparent substrate whose 
thickness is larger than the wavelength of the light 15 
source, and the light converging optical system has a 
final optical element opposite to the optical information 
recording medium spacing the distance smalierthan the 
wavelength of the light source, and when the light con- 
verging optical system converges the luminous flux 20 
whose image side numerical aperture is larger than 1 .0 
onto the information recording layer through the trans- 
parent substrate, the recording or reproducing of the in- 
formation is conducted onto the information recording 
layer. 25 
[0071] One problem in the case where the near field 
effect is used, is that it is necessary that the distance 
between the final optical element and the optical infor- 
mation recording medium is set smaller than the wave- 
length of the using wavelength. However, in the case of so 
the removable recording medium, considering the influ- 
ence of flaw when the user handles it, or dust, it is com- 
mon that the protective layer is provided on the informa- 
tion recording surface. The thickness of the protective 
layer is, in many cases, more than the wavelength of the 35 
light source used. 

[0072] Therefore, in the present invention, using the 
near field effect of wide sense, it is considered that the 
recording or reproducing is conducted. When more spe- 
cifically described, as described above, the evanescent 
light has the characteristic that it exponential function- 
ally attenuates as it is separated from the final optical 
element, and when the transparent substrate (TP in Fig. 
1 ) is placed in its light path, the evanescent light incident 
to that place, becomes again the propagation tight, and 45 
has the characteristic that it propagates in the transpar- 
ent substrate as the normal light. It is called the near 
field effect in the wide sense. In the present invention, 
using such the characteristic, when the evanescent light 
emitted from the final optical element is received by the so 
transparent substrate and made to a propagation light, 
the recording or reproducing of the information can be 
conducted also onto the information recording layer 
which is remote from the final optical surface of the final 
optical element more than the wavelength of the light 55 
source. In this connection, in the optical information re- 
cording medium, in many cases, the transparent protec- 
tive layer covering the information recording surface is 



provided, and such the protective layer can perform the 
function as the transparent substrate of the present in- 
vention. Accordingly, the interval A between the final op- 
tical element and the surface of the protective layer of 
the optical information recording medium may be small- 
er than the wavelength of the in formation recording 
light. Herein, when the layer can transmit the light, the 
transparent substrate may not be colored or plate-like 
one. 

[0073] An optical pick-up apparatus described in (49) 
is characterized in that the final optical surface of the 
final optical element is approximate to the surface of the 
optical information recording medium spacing with the 
distance smaller than one fourth of the wavelength of 
the light source. The effect of such the invention is the 
same as the invention described in (3). 
[0074] An optical pick-up apparatus described in (50) 
is characterized in that a plurality of light converging op- 
tical systems are provided, and each of light converging 
optical systems is used for the recording or reproducing 
of the information onto the respectively different infor- 
mation recording layers. The effect of such the invention 
is the same as the invention described in (4). 
[0075] An optical pick-up apparatus described in (51 ) 
is characterized in that the apparatus has a selection 
means for selecting the information recording layer to 
be recorded or reproduced from the laminated plurality 
of plurality of information recording layers, and the re- 
cording or reproducing of the information is conducted 
onto the information recording layer selected by the se- 
lection means. The effect of such the invention is the 
same as the invention described in (5). 
[0076] An optical pick-up apparatus described in (52) 
is characterized in that the light converging optical sys- 
tem has at least 2 final optical elements, and each of 
final optical elements is used for the recording or repro- 
ducing of the information onto the respectively different 
information recording layers, and when the selection 
means selects any one of final optical elements, the re- 
cording or reproducing of the information is conducted 
onto the information recording layer corresponding to 
the selected final optical element. The effect of such the 
invention is the same as the invention described in (6). 
[0077] An optical pick-up apparatus described in (53) 
is characterized in that the selection means changes the 
wavelength of the light source corresponding to each of 
laminated information recording layers for the informa- 
tion to be recorded and reproduced. The effect of such 
the invention is the same as the invention described in 
(7). 

[0078] An optical pick-up apparatus described in (54) 
is characterized in that at least one optical element to 
vary the divergence degree or convergence degree of 
the incident light into the final optical element, corre- 
sponding to each of laminated information recording lay- 
ers for the information to be recorded and reproduced, 
is provided on the light source side of the final optical 
element. The effect of such the invention is the same as 
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the invention described in (8). 
[0079] An optical pick-up apparatus described in (55) 
is characterized in that the optical element to vary the 
divergence degree or convergence degree of the inci- 
dent light into the final optical element has the positive 
lens group having the positive refractive power and the 
negative lens group having the negative refractive pow- 
er, and at least one lens group of them is a displaceable 
movable element. The effect of such the invention is the 
same as the invention described in (9). 
[0080] An optical pick-up apparatus described in (56) 
is characterized in that the optical element to vary the 
divergence degree or convergence degree of the inci- 
dent light into the final optical element is composed of 
one positive lens and one negative lens, and at least 
one of them is is a displaceable movable element. The 
effect of such the invention is the same as the invention 
described in (10). 

[0081] An optical pick-up apparatus described in (57) 
is characterized in that the information recording medi- 
um includes the first recording layer and the second re- 
cording layer in the order of the distance nearer to the 
final optical element, and when the recording or repro- 
ducing of the information is conducted onto the first re- 
cording layer, the interval between the negative lens 
group and the positive lens group or the distance be- 
tween the positive lens and the negative lens is more 
increased than the case where the recording or repro- 
ducing of the information is conducted onto the second 
recording layer. The effect of such the invention is the 
same as the invention described in (11). 
[0082] An optical pick-up apparatus described in (58) 
is characterized in that the optical element to vary the 
divergence degree or convergence degree of the inci- 
dent light into the final optical element corrects the 
spherical aberration or the axial chromatic aberration 
which hinders the recording or reproducing of the infor- 
mation, in the information recording layer to be recorded 
or reproduced. The effect of such the invention is the 
same as the invention described in (12). 
[0083] An optical pick-up apparatus described in (59) 
is characterized in that the optical element to correct the 
variation of the spherical aberration and the axial chro- 
matic aberration satisfies the following expression. 



vdP > vdN 
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where, vdP : the average of Abbe's number of d line of 
all positive lens including the positive lens (group), vdN : 
the average of Abbe's number of d line of all negative 
lens including the negative lens (group). The effect of 
such the invention is the same as the invention de- 
scribed in (13). 

[0084] An optical pick-up apparatus described in (60) 
is characterized in that the value vdP and the value vdN 
satisfy the following expressions. 



vdP > 55 



vdN < 35 
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(3) 



The effect of such the invention is the same as the in- 
vention described in (14). 

[0085] An optical pick-up apparatus described in (61 ) 

io is characterized in that the optical element to vary the 
divergence degree or convergence degree of the inci- 
dent light into the final optical element can changes the 
refractive index distribution. The effect of such the in- 
vention is the same as the invention described in (15). 

15 [0086] An optical pick-up apparatus described in (62) 
is characterized in that at least one optical element con- 
stituting the light converging optical system has at least 
one aspherical optical surface. The effect of such the 
invention is the same as the invention described in (1 6). 

20 [0087] An optical pick-up apparatus described in (63) 
is characterized in that at least one optical element con- 
stituting the light converging optical system has a dif- 
fraction surface having the ring band-like diffraction 
structure. The effect of such the invention is the same 

25 as the invention described in (17). 

[0088] An optical pick-up apparatus described in (64) 
is characterized in that at least one optical element con- 
stituting the light converging optical system is formed of 
the material whose specific gravity is not larger than 2.0. 

30 The effect of such the invention is the same as the in- 
vention described in (18). 

[0089] An optical pick-up apparatus described in (65) 
is characterized in that at least one optical element con- 
stituting the light converging optical system is formed of 

35 a plastic material. The effect of such the invention is the 
same as the invention described in (19). 
[0090] An optical pick-up apparatus described in (66) 
is characterized in that at least one optical element con- 
stituting the light converging optical system is formed of 

40 a material whose saturation water absorption is not larg- 
er than 0.5 %. The effect of such the invention is the 
same as the invention described in (20). 
[0091] An optical pick-up apparatus described in (67) 
is characterized in that at least one optical element con- 

45 stituting the light converging optical system is formed of 
a material whose internal trans miss ivity at the thickness 
of 3 mm to the light of oscillation wavelength of the light 
source is not smaller than 85 %. The effect of such the 
invention is the same as the invention described in (21 ). 

so [0092] An optical pick-up apparatus described in (68) 
is characterized in that the light converging optical sys- 
tem has at least 2 diaphragms to regulate the image side 
numerical aperture in a plurality of information recording 
layers of the optical information recording medium. The 

55 effect of such the invention is the same as the invention 
described in (22). 

[0093] An optical pick-up apparatus described in (69) 
is characterized in that at least one of the diaphragms 
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is positioned between the final optical element and the 
optical information recording medium. The effect of such 
the invention is the same as the invention described in 
(23). 

[0094] An optical pick-up apparatus described in (70) 5 
is characterized in that at least one optical element of 
the light converging optical system is formed by etching. 
The effect of such the invention is the same as the in- 
vention described in (24). 

[0095] In an optical pick-up apparatus described in 10 
(71) which has the light source and the light converging 
optical system to light converge the luminous flux emit- 
ted from the light source onto any one of information re- 
cording layers of the optical information recording me- 
dium having a laminated plurality of information record- 15 
ing layers, and by which the recording and/or reproduc- 
ing of the information is conducted onto the optical in- 
formation recording medium, because the optical ele- 
ment changes the information recording layer for the in- 
formation to be recorded or reproduced is provided be- 20 
tween the light source and the final optical element of 
the light converging optical system, the information re- 
cording light can be adequately irradiated onto each of 
information recording layers of the multi-layer type op- 
tical information recording medium by the simple and 25 
low cost structure. 

[0096] An optical pick-up apparatus described in (72) 
is characterized in that the optical element to change 
the information recording layers onto which the informa- 
tion is to be recorded or reproduced changes the diver- 30 
gence degree or convergence degree of the incident 
light into the final optical element. The effect of such the 
invention is the same as the invention described in (8). 
[0097] An optical pick-up apparatus described in (73) 
is characterized in that the optical element by which the 35 
divergence degree or convergence degree of the inci- 
dent light into the final optical element is changed, has 
the positive lens group having the positive refractive 
power and the negative lens group having the negative 
refractive power, and at least one lens group of them is *o 
a displaceable movable element. The effect of such the 
invention is the same as the invention described in (9). 
[0098] An optical pick-up apparatus described in (74) 
is characterized in that the optical element to vary the 
divergent degree or convergence degree of the incident 45 
light into the final optical element is composed of one 
positive lens and one negative lens, and at least one of 
them is a displaceable movable element. The effect of 
such the invention is the same as the invention de- 
scribed in (10). 50 
[0099] An optical pick-up apparatus described in (75) 
is characterized in that the information recording medi- 
um includes the first recording layer and the second re- 
cording layer in the order of the distance nearer from the 
final optical element, and when the recording or repro- 55 
ducing is conducted onto the first recording layer, the 
interval between the negative lens group and the posi- 
tive lens group or the interval between the negative lens 



and the positive lens is more increased than the case 
where the recording or reproducing of the information is 
conducted onto the second recording layer. The effect 
of such the invention is the same as the invention de- 
scribed in (11). 

[01 00] An optical pick-up apparatus described in (76) 
is characterized in that the optical element to vary the 
divergence degree or convergence degree of the inci- 
dent light into the final optical element corrects the 
spherical aberration or axial chromatic aberration which 
hinders the recording or reproducing of the information 
in the information recording layer onto which the record- 
ing or reproducing is to be conducted. The effect of such 
the invention is the same as the invention described in 
(12). 

[01 01 ] An optical pick-up apparatus described in (77) 
is characterized in that the optical element which cor- 
rects the spherical aberration and axial chromatic aber- 
ration satisfies the following expression. 



vdP > vdN 
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Where, vdP : the average of Abbe's number of the d line 
of all positive lenses including the positive lens (group), 
vdN: the average of Abbe's number of the d line of all 
negative lenses including the negative lens (group). The 
effect of such the invention is the same as the invention 
described in (13). 

[0102] An optical pick-up apparatus described in (78) 
is characterized in that the vdP and the vdN satisfy the 
following expressions. 



vdP > 55 



vdN < 35 
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(3) 



The effect of such the invention is the same as the in- 
vention described in (14). 

[01 03] An optical pick-up apparatus described in (79) 
is characterized in that the optical element to vary the 
divergence degree and the convergence degree of the 
incident light into the final optical element can change 
the refractive index distribution. The effect of such the 
invention is the same as the invention described in (15). 
[01 04] An optical pick-up apparatus described in (80) 
is characterized in that at least one optical element con- 
stituting the light converging optical system has at least 
one aspherical optical surface. The effect of such the 
invention is the same as the invention described in (16). 
[01 05] An optical pick-up apparatus described in (81 ) 
is characterized in that at least one optical element con- 
stituting the light converging optical system has the dif- 
fraction surface having the ring band-like diffraction 
structure. The effect of such the invention is the same 
as the invention described in (17). 
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[0106] An optical pick-up apparatuWescribed in (82) 
is characterized in that at least one optical element con- 
stituting the light converging optical system is formed of 
the material whose specific gravity is not larger than 2.0. 
The effect of such the invention is the same as the in- 
vention described in (18). 

[0107] An optical pick-up apparatus described in (83) 
is characterized in that at least one optical element con- 
stituting the light converging optical system is formed of 
the plastic material. The effect of such the invention is 
the same as the invention described in (19). 
[01 08] An optical pick-up apparatus described in (84) 
is characterized in that at least one optical element con- 
stituting the light converging optical system is formed of 
the material whose saturation water absorption is not 
larger than 0.5 %. The effect of such the invention is the 
same as the invention described in (20). 
[01 09] An optical pick-up apparatus described in (85) 
is characterized in that at least one optical element con- 
stituting the light converging optical system is formed of 
the material whose internal transmissivity at the 3 mm 
thickness to the light of oscillation wavelength of the light 
source is not smaller than 85 %. The effect of such the 
invention is the same as the invention described in (21). 
[01 10] An optical pick-up apparatus described in (86) 
is characterized in that the light converging optical sys- 
tem has at least 2 diaphragms to regulate the image side 
numerical aperture in a plurality of information recording 
layers of the optical information recording medium. The 
effect of such the invention is the same as the invention 
described in (22). 

[01 1 1 ] An optical pick-up apparatus described in (87) 
is characterized in that at least one diaphragm of the 
diaphragms is positioned between the final optical ele- 
ment and the optical information recording medium. The 
effect of such the invention is the same as the invention 
described in (23). 

[01 12] An optical pick-up apparatus described in (88) 
is characterized in that at least one optical element of 
the light converging optical system is formed by etching. 
The effect of such the invention is the same as the in- 
vention described in (24). 

[01 13] in a light converging optical system of an opti- 
cal pick-up apparatus described in (89) which has the 
light source and the light converging optical system to 
light converge the luminous flux emitted from the light 
source onto any one of information recording layers of 
the optical information recording medium having a lam- 
inated plurality of information recording layers, and by 
which the recording and/or reproducing of the informa- 
tion is conducted onto the optical information recording 
medium, the light converging optical system is charac- 
terized in that, when the light converging optical system 
light converges the luminous flux whose image side nu- 
merical aperture is not smaller than 1.0, onto the infor- 
mation recording layer, the recording or reproducing of 
the information is conducted onto the information re- 
cording layer. The effect of such the invention is the 
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same as the invention described in (1). 
[01 14] A light converging optical system of an optical 
pick-up apparatus described in (90) is characterized in 
that it has the final optical element opposite to the optical 
information recording medium, and the final optical sur- 
face of the final optical element is in contact with the 
surface of the optical information recording medium. 
The effect of such the invention is the same as the in- 
vention described in (2). 

[01 15] A light converging optical system of an optical 
pick-up apparatus described in (91 ) is characterized in 
that it has the final optical element opposite to the optical 
information recording medium, and the final optical sur- 
face of the final optical element is approximate to the 
surface of the optical information recording medium 
spacing the interval not larger than one fourth of the 
wavelength of the light source. The effect of such the 
invention is the same as the invention described in (3). 
[01 16] A light converging optical system of an optical 
pick-up apparatus described in (92) is characterized in 
that a plurality of light converging optical systems are 
provided, and each of light converging systems is used 
for the recording or reproducing of the information onto 
the respectively different information recording layers. 
The effect of such the invention is the same as the in- 
vention described in (4). 

[01 17] A light converging optical system of an optical 
pick-up apparatus described in (93) is characterized in 
that it has a selection means for selecting the informa- 
tion recording layer onto which the recording or repro- 
ducing is to be conducted, from a laminated plurality of 
information recording layers, and the recording or repro- 
ducing of the information is conducted onto the informa- 
tion recording layer selected by the selection means. 
The effect of such the invention is the same as the in- 
vention described in (5). 

[01 18] A light converging optical system of an optical 
pick-up apparatus described in (94) is characterized in 
that the light converging optical system has at least 2 
final optical elements, and each of the final optical ele- 
ments is used for the recording or reproducing of the 
information onto the respectively different information 
recording layers, and when the selection means selects 
any one of the plurality of final optical elements, the re- 
cording or reproducing of the information is conducted 
onto the information recording layer corresponding to 
the selected final optical element. The effect of such the 
invention is the same as the invention described in (6). 
[01 19] A light converging optical system of an optical 
pick-up apparatus described in (95) is characterized in 
that the selection means changes the wavelength of the 
light source corresponding to each of laminated infor- 
mation recording layers onto which the recording or re- 
producing of the information is to be conducted. The ef- 
fect of such the invention is the same as the invention 
described in (7). 

[0120] A light converging optical system of an optical 
pick-up apparatus described in (96) is characterized in 
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that the selection means provides at least one optical 
element to vary the divergence degree or convergence 
degree of the incident light into the final optical element 
on the light source side of the final optical element, cor- 
responding to each of laminated information recording 
layers onto which the recording or reproducing of the 
information is to be conducted. The effect of such the 
invention is the same as the invention described in (8). 
[0121] A light converging optical system of an optical 
pick-up apparatus described in (97) is characterized in 
that the optical element to vary the divergence degree 
or convergence degree of the incident light into the final 
optical element, has the positive lens group having the 
positive refractive power and the negative lens group 
having the negative refractive power, and at least one 
lens group of them is a displaceable movable element. 
The effect of such the invention is the same as the in- 
vention described in (9). 

[0122] A light converging optical system of an optical 
pick-up apparatus described in (98) is characterized in 
that the optical element to vary the divergence degree 
or convergence degree of the incident light into the final 
optical element, is composed of one positive lens and 
one negative lens, and at least one of them is a displace- 
able movable element. The effect of such the invention 
is the same as the invention described in (10). 
[0123] A light converging optical system of an optical 
pick-up apparatus described in (99) is characterized in 
that the information recording medium includes the first 
recording layer and the second recording layer in the 
order of the distance nearer from the final optical ele- 
ment, and when the recording or reproducing is con- 
ducted onto the first recording layer, the interval be- 
tween the negative lens group and the positive lens 
group or the interval between the negative lens and the 
positive lens is more increased than the case where the 
recording or reproducing of the information is conducted 
onto the second recording layer. The effect of such the 
invention is the same as the invention described in (11 ). 
[0124] A light converging optical system of an optical 
pick-up apparatus described in (100) is characterized in 
that the optical element to vary the divergence degree 
or convergence degree of the incident light into the final 
optical element, corrects the spherical aberration or ax- 
ial chromatic aberration which hinders the recording or 
reproducing of the information, in the information re- 
cording layer onto which the recording or reproducing is 
to be conducted. The effect of such the invention is the 
same as the invention described in (12). 
[0125] A light converging optical system of an optical 
pick-up apparatus described in (101 ) is characterized in 
that the optical element to correct the variation of the 
spherical aberration and the axial chromatic aberration 
satisfies the following expression. 



Where, vdP : the average of Abbe's number of the d line 
of all positive lenses including the positive lens (group), 
vdN: the average of Abbe's number of the d line of all 
negative lenses including the negative lens (group). The 
5 effect of such the invention is the same as the invention 
described in (13). 

[0126] A light converging optical system of an optical 
pick-up apparatus described in (102) is characterized in 
that the vdP and the vdN satisfy the following expres- 
10 sions. 



15 



vdP > 55 



vdN < 35 



<2) 



(3) 



vdP > vdN 



(D 



The effect of such the invention is the same as the in- 
vention described in (14). 

20 [01 27] A light converging optical system of an optical 
pick-up apparatus described in (103) is characterized in 
that the optical element to vary the divergence degree 
or convergence degree of the incident light into the final 
optical element can change the refractive index distri- 

25 bution. The effect of such the invention is the same as 
the invention described in (15). 
[0128] A light converging optical system of an optical 
pick-up apparatus described in (104) is characterized in 
that at least one optical element constituting the light 

30 converging optical system has at least one aspherical 
optical surface. The effect of such the invention is the 
same as the invention described in (16). 
[0129] A light converging optical system of an optical 
pick-up apparatus described in (1 05) is characterized in 

35 that at least one optical element constituting the light 
converging optical system has a diffraction surface hav- 
ing a ring band-like diffraction structure. The effect of 
such the invention is the same as the invention de- 
scribed in (17). 

to [0130] A light converging optical system of an optical 
pick-up apparatus described in (106) is characterized in 
that at least one optical element constituting the light 
converging optical system is formed of the material 
whose specific gravity is not larger than 2.0. The effect 

45 of such the invention is the same as the invention de- 
scribed in (18). 

[01 31 ] A light converging optical system of an optical 
pick-up apparatus described in (107) is characterized in 
that at least one optical element constituting the light 

so converging optical system is formed of the plastic ma- 
terial. The effect of such the invention is the same as 
the invention described in (19). 
[0132] A light converging optical system of an optical 
pick-up apparatus described in (108) is characterized in 

55 that at least one optical element constituting the light 
converging optical system is formed of the material 
whose saturation water absorption is not larger than 0.5 
%. The effect of such the invention is the same as the 
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invention described in (20). 
[0133] A light converging optical system of an optical 
pick-up apparatus described in (109) is characterized in 
that at least one optical element constituting the light 
converging optical system is formed of the material 5 
whose internal transmissivity at the 3 mm thickness to 
the light of the oscillation wavelength of the light source 
is not smaller than 85 %. The effect of such the invention 
is the same as the invention described in (21). 
[01 34] A light converging optical system of an optical w 
pick-up apparatus described in (110) is characterized in 
that the light converging optical system has at least 2 
diaphragms to regulate the image side numerical aper- 
ture in a plurality of information recording layers of the 
optical information recording medium. The effect of such *5 
the invention is the same as the invention described in 
(22). 

[0135] A light converging optical system of an optical 
pick-up apparatus described in (111) is characterized in 
that at least one of diaphragms is positioned between 20 
the final optical element and the optical information re- 
cording medium. The effect of such the invention is the 
same as the invention described in (23). 
[0136] A light converging optical system of an optical 
pick-up apparatus described in (1 1 2) is characterized in 25 
that at least one optical element of the light converging 
optical system is formed by etching. The effect of such 
the invention is the same as the invention described in 
(24). 

[01 37] In a light converging optical system of an opti- 30 
cai pick-up apparatus described in (113) which has the 
light source and the light converging optical system to 
light converge the luminous flux emitted from the light 
source onto any one of information recording layers of 
the optical information recording medium having a lam- 35 
inated plurality of information recording layers, and by 
which the recording and/or reproducing of the informa- 
tion is conducted onto the optical information recording 
medium, the light converging optical system is charac- 
terized in that, it has the final optical element opposite *o 
to the optical information recording medium spacing the 
distance not larger than the wavelength of the light 
source, and when the light converging optical system 
light converges the luminous flux whose image side nu- 
merical aperture is not smaller than 1 .0, onto the infor- 45 
mation recording layer, the recording or reproducing of 
the information is conducted onto the information re- 
cording layer. The effect of such the invention is the 
same as the invention described in (25). 
[0138] A light converging optical system of an optical so 
pick-up apparatus described in (114) is characterized in 
that it has the final optical element opposite to the optical 
information recording medium, and the final optical sur- 
face of the final optical element is approximate to the 
surface of the optical information recording medium ss 
spacing the distance not larger than one fourth of the 
wavelength of the light source. The effect of such the 
invention is the same as the invention described in (3). 



[01 39] A light converging optical system of an optical 
pick-up apparatus described in (115) is characterized in 
that a plurality of light converging elements are provid- 
ed, and each of light converging elements is used for 
the recording or reproducing of the information onto the 
respectively different information recording layers. The 
effect of such the invention is the same as the invention 
described in (4). 

[0140] A light converging optical system of an optical 
pick-up apparatus described in (116) is characterized in 
that it has a selection means for selecting the informa- 
tion recording layer onto which the recording or repro- 
ducing is to be conducted, from the laminated plurality 
of information recording layers, and the recording or re- 
producing of the information is conducted onto the in- 
formation recording layer selected by the selection 
means. The effect of such the invention is the same as 
the invention described in (5). 

[01 41 ] A light converging optical system of an optical 
pick-up apparatus described in (117) is characterized in 
that it has at least 2 final optical element and each of 
the final optical elements is used for the recording or 
reproducing of the information onto the respectively dif- 
ferent information recording layers, and when the selec- 
tion means selects any one of the plurality of final optical 
elements, the recording or reproducing of the informa- 
tion is conducted onto the information recording layer 
corresponding to the selected final optical element. The 
effect of such the invention is the same as the invention 
described in (6). 

[0142] A tight converging optical system of an optical 
pick-up apparatus described in (1 1 8) is characterized in 
that the selection means changes the wavelength of the 
light source corresponding to each of information re- 
cording layers onto which the recording and reproducing 
of the information is to be conducted. The effect of such 
the invention is the same as the invention described in 
(7). 

[0143] A light converging optical system of an optical 
pick-up apparatus described in (119) is characterized in 
that the selection means is provided with, corresponding 
to each of laminated information recording layers onto 
which the recording or reproducing of the information to 
be conducted, at least one optical element to vary the 
divergence degree or convergence degree of the inci- 
dent light into the final optical element on the light source 
side of the final optical element. The effect of such the 
invention is the same as the invention described in (8). 
[0144] A light converging optical system of an optical 
pick-up apparatus described in (120) is characterized in 
that the optical element to vary the divergence degree 
or convergence degree of the incident light into the final 
optical element, has the positive lens group having the 
positive refractive power and the negative lens group 
having the negative refractive power, and at least one 
lens group of them is a displaceable movable element. 
The effect of such the invention is the same as the in- 
vention described in (9). 
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[01 45] A light converging optical system of an optical 
pick-up apparatus described in (121) is characterized in 
that the optical element to vary the divergence degree 
or convergence degree of the incident light into the final 
optical element, is composed of one positive lens and 
one negative lens, and at least one of them is a displace- 
able movable element. The effect of such the invention 
is the same as the invention described in (10). 
[0146] A light converging optical system of an optical 
pick-up apparatus described in (122) is characterized in 
that the information recording medium includes the first 
recording layer and the second recording layer in the 
order of the distance nearer from the final optical ele- 
ment, and when the recording or reproducing is con- 
ducted onto the first recording layer, the interval be- 
tween the negative lens group and the positive lens 
group or the interval between the negative lens and the 
positive lens is more increased than the case where the 
recording or reproducing of the information is conducted 
onto the second recording layer. The effect of such the 
invention is the same as the invention described in (11 ). 
[01 47] A light converging optical system of an optical 
pick-up apparatus described in (123) is characterized in 
that the optical element to vary the divergence degree 
or convergence degree of the incident light into the final 
optical element, corrects the spherical aberration or ax- 
ial chromatic aberration which hinders the recording or 
reproducing of the information, in the information re- 
cording layer onto which the recording or reproducing is 
to be conducted. The effect of such the invention is the 
same as the invention described in (12). 
[0148] A light converging optical system of an optical 
pick-up apparatus described in (124) is characterized in 
that the optical element to correct the variation of the 
spherical aberration and the axial chromatic aberration 
satisfies the following expression. 



vdP > vdN 



(D 



Where, vdP : the average of Abbe's number of the d line 
of ail positive lenses including the positive lens (group), 
vdN: the average of Abbe's number of the d line of all 
negative lenses including the negative lens (group). The 
effect of such the invention is the same as the invention 
described in (13). 

[0149] A light converging optical system of an optical 
pick-up apparatus described in (125) is characterized in 
that the vdP and the vdN satisfy the following expres- 
sions. 



vdP > 55 



(2) 



vdN < 35 (3) 
The effect of such the invention is the same as the in- 



vention described in (14). 

[01 50] A light converging optical system of an optical 
pick-up apparatus described in (126) is characterized in 
that the optical element to vary the divergence degree 

5 or convergence degree of the incident light into the final 
optical element can change the refractive index distri- 
bution. The effect of such the invention is the same as 
the invention described in (15). 
[01 51 ] A light converging optical system of an optical 

w pick-up apparatus described in (1 27) is characterized in 
that at least one optical element constituting the light 
converging optical system has at least one aspherical 
optical surface. The effect of such the invention is the 
same as the invention described in (16). 

is [01 52] A light converging optical system of an optical 
pick-up apparatus described in (128) is characterized in 
that at least one optical element constituting the light 
converging optical system has a diffraction surface hav- 
ing a ring band-like diffraction structure. The effect of 

20 such the invention is the same as the invention de- 
scribed in (1 7). 

[01 53] A light converging optical system of an optical 
pick-up apparatus described in (129) is characterized in 
that at least one optical element constituting the light 
25 converging optical system is formed of the material 
whose specific gravity is not larger than 2.0. The effect 
of such the invention is the same as the invention de- 
scribed in (18). 

[01 54] A light converging optical system of an optical 
30 pick-up apparatus described in (1 30) is characterized in 
that at least one optical element constituting the light 
converging optical system is formed of the plastic ma- 
terial. The effect of such the invention is the same as 
the invention described in (19). 
35 [01 55] A light converging optical system of an optical 
pick-up apparatus described in (131) is characterized in 
that at least one optical element constituting the light 
converging optical system is formed of the material 
whose saturation water absorption is not larger than 0.5 
40 %. The effect of such the invention is the same as the 
invention described in (20). 

[01 56] A light converging optical system of an optical 
pick-up apparatus described in (132) is characterized in 
that at least one optical element constituting the light 

45 converging optical system is formed of the material 
whose internal transmissivity at the 3 mm thickness to 
the light of the oscillation wavelength of the light source 
is not smaller than 85 %. The effect of such the invention 
is the same as the invention described in (21). 

50 [0157] A light converging optical system of an optical 
pick-up apparatus described in (133) is characterized in 
that the light converging optical system has at least 2 
diaphragms to regulate the image side numerical aper- 
ture in a plurality of information recording layers of the 

55 optical information recording medium. The effect of such 
the invention is the same as the invention described in 
(22). 

[0158] A light converging optical system of an optical 
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pick-up apparatus described in (134) is characterized in 
that at least one of diaphragms is positioned between 
the final optical element and the optical information re- 
cording medium. The effect of such the invention is the 
same as the invention described in (23). 5 
[01 59] A light converging optical system of an optical 
pick-up apparatus described in (135) is characterized in 
that at least one optical element of the light converging 
optical system is formed by etching. The effect of such 
the invention is the same as the invention described in *o 
(24). 

[01 60] In a light converging optical system of an opti- 
cal pick-up apparatus described in (136) which has the 
light source and the light converging optical system to 
light converge the luminous flux emitted from the light is 
source onto any one of information recording layers of 
the optical information recording medium having a lam- 
inated plurality of information recording layers, and by 
which the recording and/or reproducing of the informa- 
tion is conducted onto the optical information recording 20 
medium, the light converging optical system is charac- 
terized in that the optical information recording medium 
has a transparent substrate whose thickness is not 
smaller than the wavelength of the light source on the 
information recording layer nearest to the light converg- 25 
ing optical system side, and the light converging optical 
system has the final optical element opposite to the op- 
tical information recording medium spacing the distance 
not larger than the wavelength of the light source, and 
when the light converging optical system light converg- 30 
es the luminous flux whose image side numerical aper- 
ture is not smaller than 1.0, onto the information record- 
ing layer through the transparent substrate, the record- 
ing or reproducing of the information is conducted onto 
the information recording layer. The effect of such the 35 
invention is the same as the invention described in (48). 
[0161] A light converging optical system of an optical 
pick-up apparatus described in (137) is characterized in 
that the final optical surface of final optical element is 
approximate to the surface of the optical information re- *o 
cording medium spacing the interval not larger than one 
fourth of the wavelength of the light source. The effect 
of such the invention is the same as the invention de- 
scribed in (3). 

[0162] A light converging optical system of an optical *5 
pick-up apparatus described in (138) is characterized in 
that a plurality of light converging optical systems are 
provided, and each of light converging optical systems 
is used for the recording or reproducing of the informa- 
tion onto the respectively different information recording so 
layers. The effect of such the invention is the same as 
the invention described in (4). 

[0163] A light converging optical system of an optical 
pick-up apparatus described in (139) is characterized in 
that it has a selection means for selecting the informa- 55 
tion recording layer onto which the recording or repro- 
ducing is to be conducted, from the laminated plurality 
of information recording layers, and the recording or re- 




producing of the information is conducted onto the in- 
formation recording layer selected by the selection 
means. The effect of such the invention is the same as 
the invention described in (5). 

[01 64] A light converging optical system of an optical 
pick-up apparatus described in (140) is characterized in 
that a plurality of light converging optical systems are 
provided, and each of light converging optical systems 
is used for the recording or reproducing of the informa- 
tion onto the respectively different information recording 
layers, and when the selection means selects any one 
of the plurality of final optical elements, the recording or 
reproducing of the information is conducted onto the in- 
formation recording layer corresponding to the selected 
final optical element. The effect of such the invention is 
the same as the invention described in (6). 
[0165] A light converging optical system of an optical 
pick-up apparatus described in (141 ) is characterized in 
that the selection means changes the wavelength of the 
light source corresponding to each of laminated infor- 
mation recording layers onto which the recording or re- 
producing of the information is to be conducted. The ef- 
fect of such the invention is the same as the invention 
described in (7). 

[0166] A light converging optical system of an optical 
pick-up apparatus described in (142) is characterized in 
that the selection means provides at least one optical 
element to vary the divergence degree or convergence 
degree of the incident light into the final optical element 
on the light source side of the final optical element, cor- 
responding to each of laminated information recording 
layers onto which the recording or reproducing of the 
information is to be conducted. The effect of such the 
invention is the same as the invention described in (8). 
[0167] A light converging optical system of an optical 
pick-up apparatus described in (143) is characterized in 
that the optical element to vary the divergence degree 
or convergence degree of the incident light into the final 
optical element, has the positive lens group having the 
positive refractive power and the negative lens group 
having the negative refractive power, and at least one 
lens group of them is a displaceable movable element. 
The effect of such the invention is the same as the in- 
vention described in (9). 

[01 68] A light converging optical system of an optical 
pick-up apparatus described in (144) is characterized in 
that the optical element to vary the divergence degree 
or convergence degree of the incident light into the final 
optical element, is composed of one positive lens and 
one negative lens, and at least one of them is a displace- 
able movable element. The effect of such the invention 
is the same as the invention described in (10). 
[0169] A light converging optical system of an optical 
pick-up apparatus described in (145) is characterized in 
that the information recording medium includes the first 
recording layer and the second recording layer in the 
order of the distance nearer from the final optical ele- 
ment, and when the recording or reproducing is con- 
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ducted onto the first recording layer, the interval be- 
tween the negative lens group and the positive lens 
group or the interval between the negative lens and the 
positive lens is more increased than the case where the 
recording or reproducing of the information is conducted 
onto the second recording layer. The effect of such the 
invention is the same as the invention described in (11 ). 
[0170] A light converging optical system of an optical 
pick-up apparatus described in (146) is characterized in 
that the optical element to vary the divergence degree 
or convergence degree of the incident light into the final 
optical element, corrects the spherical aberration or ax- 
ial chromatic aberration which hinders the recording or 
reproducing of the information, in the information re- 
cording layer onto which the recording or reproducing is 
to be conducted. The effect of such the invention is the 
same as the invention described in (12). 
[0171] A light converging optical system of an optical 
pick-up apparatus described in (147) is characterized in 
that the optical element to correct the variation of the 
spherical aberration and the axial chromatic aberration 
satisfies the following expression. 



vdP > vdN 



(D 



Where, vdP : the average of Abbe's number of the d line 
of all positive lenses including the positive lens (group), 
vdN: the average of Abbe's number of the d line of all 
negative lenses including the negative lens (group). The 
effect of such the invention is the same as the invention 
described in (13). 

[0172] A light converging optical system of an optical 
pick-up apparatus described in (148) is characterized in 
that the vdP and the vdN satisfy the following expres- 
sions. 



vdP > 55 



vdN < 35 



(2) 



(3) 



The effect of such the invention is the same as the in- 
vention described in (14). 

[0173] A light converging optical system of an optical 
pick-up apparatus described in (149) is characterized in 
that the optical element to vary the divergence degree 
or convergence degree of the incident light into the final 
optical element can change the refractive index distri- 
bution. The effect of such the invention is the same as 
the invention described in (15). 

[0174] A light converging optical system of an optical 
pick-up apparatus described in (150) is characterized in 
that at least one optical element constituting the light 
converging optical system has at least one aspherical 
optical surface. The effect of such the invention is the 
same as the invention described in (16). 



[01 75] A light converging optical system of an optical 
pick-up apparatus described in (151) is characterized in 
that at least one optical element constituting the light 
converging optical system has a diffraction surface hav- 
5 ing a ring band-like diffraction structure. The effect of 
such the invention is the same as the invention de- 
scribed in (17). 

[0176] A light converging optical system of an optical 
pick-up apparatus described in (152) is characterized in 

10 that at least one optical element constituting the light 
converging optical system is formed of the material 
whose specific gravity is not larger than 2.0. The effect 
of such the invention is the same as the invention de- 
scribed in (18). 

is [01 77] A light converging optical system of an optical 
pick-up apparatus described in (1 53) is characterized in 
that at least one optical element constituting the light 
converging optical system is formed of the plastic ma- 
terial. The effect of such the invention is the same as 

20 the invention described in (19). 

[01 78] A light converging optical system of an optica! 
pick-up apparatus described in (154) is characterized in 
that at least one optical element constituting the light 
converging optical system is formed of the material 

25 whose saturation water absorption is not larger than 0.5 
%. The effect of such the invention is the same as the 
invention described in (20). 

[0179] A light converging optical system of an optical 
pick-up apparatus described in (155) is characterized in 

30 that at least one optical element constituting the light 
converging optical system is formed of the material 
whose internal transmissivity at the 3 mm thickness to 
the light of the oscillation wavelength of the light source 
is not smaller than 85 %. The effect of such the invention 

35 is the same as the invention described in (21 ). 

[0180] A light converging optical system of an optical 
pick-up apparatus described in (1 56) is characterized in 
that the light converging optical system has at least 2 
diaphragms to regulate the image side numerical aper- 

40 ture in a plurality of information recording layers of the 
optical information recording medium. The effect of such 
the invention is the same as the invention described in 
(22). 

[01 81 ] A light converging optical system of an optical 
45 pick-up apparatus described in (1 57) is characterized in 
that at least one of diaphragms is positioned between 
the final optical element and the optical information re- 
cording medium. The effect of such the invention is the 
same as the invention described in (23). 
so [0182] A light converging optical system of an optical 
pick-up apparatus described in (158) is characterized in 
that at least one optical element of the light converging 
optical system is formed by etching. The effect of such 
the invention is the same as the invention described in 
55 <24). 

[0183] In a light converging optical system of an opti- 
cal pick-up apparatus described in (159) which has the 
light source and the light converging optical system to 
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light converge the luminous flux emitted from the light 
source onto any one of information recording layers of 
the optical information recording medium having a lam- 
inated plurality of information recording layers, and by 
which the recording and/or reproducing of the informa- 5 
tion is conducted onto the optical information recording 
medium, the light converging optical system is charac- 
terized in that, it is provided with the optical element to 
change the information recording layer onto which the 
recording or reproducing of the information is to be con- 10 
ducted, between the light source and the final optical 
element of the light converging optical system. The ef- 
fect of such the invention is the same as the invention 
described in (71). 

[0184] An optical pick-up apparatus described in is 

(160) is characterized in that the optical element to 
change the information recording layers onto which the 
information is to be recorded or reproduced varies the 
divergence degree or convergence degree of the inci- 
dent light into the final optical element. The effect of such 20 
the invention is the same as the invention described in 
(8). 

[0185] An optical pick-up apparatus described in 

(161) is characterized in that the optical element by 
which the divergence degree or convergence degree of 25 
the incident light into the final optical element is 
changed, has the positive lens group having the positive 
refractive power and the negative lens group having the 
negative refractive power, and at least one lens group 

of them is a displaceable movable element. The effect 30 
of such the invention is the same as the invention de- 
scribed in (9). 

[0186] An optical pick-up apparatus described in 

(1 62) is characterized in that the optical element to vary 

the divergent degree or convergence degree of the in- 35 
cident light into the final optical element is composed of 
one positive lens and one negative lens, and at least 
one of them is a displaceable movable element. The ef- 
fect of such the invention is the same as the invention 
described in (10). 

[0187] An optical pick-up apparatus described in 

(163) is characterized in that the information recording 
medium includes the first recording layer and the sec- 
ond recording layer in the order of the distance nearer 
from the final optical element, and when the recording 45 
or reproducing is conducted onto the first recording lay- 
er, the interval between the negative lens group and the 
positive lens group or the interval between the negative 
lens and the positive lens is more increased than the 
case where the recording or reproducing of the informa- so 
tion is conducted onto the second recording layer. The 
effect of such the invention is the same as the invention 
described in (11). 

[0188] An optical pick-up apparatus described in 

(1 64) is characterized in that the optical element to vary 55 
the divergence degree or convergence degree of the in- 
cident light into the final optical element corrects the 
spherical aberration or axial chromatic aberration which 



hinders the recording or reproducing of the information 
in the information recording layer onto which the record- 
ing or reproducing is to be conducted. The effect of such 
the invention is the same as the invention described in 
(12). 

[0189] An optical pick-up apparatus described in 
(165) is characterized in that the optical element which 
corrects the spherical aberration and axial chromatic ab- 
erration satisfies the following expression. 



vdP > vdN 



(D 



Where, vdP : the average of Abbe's number of the d line 
of all positive lenses including the positive lens (group), 
vdN: the average of Abbe's number of the d line of all 
negative lenses including the negative lens (group). The 
effect of such the invention is the same as the invention 
described in (13). 

[0190] An optical pick-up apparatus described in 
( 1 66) is characterized in that the vdP and the vdN satisfy 
the following expressions. 



vdP > 55 



vdN < 35 



(2) 



(3) 



The effect of such the invention is the same as the in- 
vention described in (14). 

[0191] An optical pick-up apparatus described in (79) 
is characterized in that the optical element to vary the 
divergence degree and the convergence degree of the 
incident light into the final optical element can change 
the refractive index distribution. The effect of such the 
invention is the same as the invention described in (15). 
[0192] An optical pick-up apparatus described in 

(168) is characterized in that at least one optical element 
constituting the light converging optical system has at 
least one aspherical optical surface. The effect of such 
the invention is the same as the invention described in 
(16). 

[0193] An optical pick-up apparatus described in 

(1 69) is characterized in that at least one optical element 
constituting the light converging optical system has the 
diffraction surface having the ring band-like diffraction 
structure. The effect of such the invention is the same 
as the invention described in (17). 

[0194] An optical pick-up apparatus described in 

(1 70) is characterized in that at least one optical element 
constituting the light converging optical system is 
formed of the material whose specific gravity is not larg- 
er than 2.0. The effect of such the invention is the same 
as the invention described in (18). 

[0195] An optical pick-up apparatus described in 

(1 71 ) is characterized in that at least one optical element 
constituting the light converging optical system is 
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formed of the plastic material. The effect of such the in- 
vention is the same as the invention described in (19). 
[0196] An optical pick-up apparatus described in 

(1 72) is characterized in that at least one optical element 
constituting the light converging optical system is s 
formed of the material whose saturation water absorp- 
tion is not larger than 0.5 %. The effect of such the in- 
vention is the same as the invention described in (20). 
[0197] An optical pick-up apparatus described in 

(1 73) is characterized in that at least one optical element 10 
constituting the light converging optical system is 
formed of the material whose internal transmissivity at 

the 3 mm thickness to the light of oscillation wavelength 
of the light source is not smaller than 85 %. The effect 
of such the invention is the same as the invention de- 15 
scribed in (21). 

[0198] An optical pick-up apparatus described in 

(1 74) is characterized in that the light converging optical 
system has at least 2 diaphragms to regulate the image 
side numerical aperture in a plurality of information re- 20 
cording layers of the optical information recording me- 
dium. The effect of such the invention is the same as 

the invention described in (22). 

[0199] An optical pick-up apparatus described in 

(1 75) is characterized in that at least one diaphragm of 25 
the diaphragms is positioned between the final optical 
element and the optical information recording medium. 
The effect of such the invention is the same as the in- 
vention described in (23). 

[0200] An optical pick-up apparatus described in 30 

(1 76) is characterized in that at least one optical element 
of the light converging optical system is formed by etch- 
ing. The effect of such the invention is the same as the 
invention described in (24). 

[0201 ] An optical information recording and reproduc- 35 
ing method described in (177) is characterized in that, 
by using an optical pick-up apparatus which has the light 
source and the light converging optical system to light 
converge the luminous flux emitted from the light source 
onto any one of information recording layers of the op- <o 
tical information recording medium having a laminated 
plurality of information recording layers, the recording 
or reproducing of the information is conducted onto the 
information recording layer by the luminous flux whose 
image side numerical aperture is not smaller than 1.0, 45 
from the light converging optical system. The effect of 
such the invention is the same as the invention de- 
scribed in (1). 

[0202] An optical information recording and reproduc- 
ing method described in (178) is characterized in that so 
the light converging optical system has the final optical 
element opposite to the optical information recording 
medium, and the final optical surface of the final optical 
element is in contact with the surface of the optical in- 
formation recording medium. The effect of such the in- 55 
vention is the same as the invention described in (2). 
[0203] An optical information recording and reproduc- 
ing method described in (179) is characterized in that 



the light converging optical system has the final optical 
element opposite to the optical information recording 
medium, and the final optical surface of the final optical 
element is approximate to the surface of the optical in- 
formation recording medium spacing the interval not 
larger than one fourth of the wavelength of the light 
source. The effect of such the invention is the same as 
the invention described in (3). 

[0204] An optical information recording and reproduc- 
ing method described in (180) is characterized in that a 
plurality of light converging optical systems are provid- 
ed, and each of light converging optical systems is used 
for the recording or reproducing of the information onto 
the respectively different information recording layers. 
The effect of such the invention is the same as the in- 
vention described in (4). 

[0205] An optical information recording and reproduc- 
ing method described in (181) is characterized in that 
the optical pick-up apparatus has a selection means for 
selecting the information recording layer onto which the 
recording or reproducing is to be conducted, from a lam- 
inated plurality of information recording layers, and the 
recording or reproducing of the information is conducted 
onto the information recording layer selected by the se- 
lection means. The effect of such the invention is the 
same as the invention described in (5). 
[0206] An optical information recording and reproduc- 
ing method described in (182) is characterized in that 
the light converging optical system has at least 2 final 
optical elements, and each of the final optical elements 
is used for the recording or reproducing of the informa- 
tion onto the respectively different information recording 
layers, and when the selection means selects either one 
of the plurality of final optical elements, the recording or 
reproducing of the information is conducted onto the in- 
formation recording layer corresponding to the selected 
final optical element. The effect of such the invention is 
the same as the invention described in (6). 
[0207] An optical information recording and reproduc- 
ing method described in (183) is characterized in that 
the selection means changes the wavelength of the light 
source, corresponding to each of laminated information 
recording layers onto which the recording or reproduc- 
ing of the information is to be conducted. The effect of 
such the invention is the same as the invention de- 
scribed in (7). 

[0208] An optical information recording and reproduc- 
ing method described in (184) is characterized in that 
the selection means provides at least one optical ele- 
ment to vary the divergence degree or convergence de- 
gree of the incident light into the final optical element on 
the light source side of the final optical element, corre- 
sponding to each of laminated information recording lay- 
ers onto which the recording or reproducing of the infor- 
mation is to be conducted. The effect of such the inven- 
tion is the same as the invention described in (8). 
[0209] An optical information recording and reproduc- 
ing method described in (185) is characterized in that 
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the optical element to vary the divergence degree or 
convergence degree of the incident light into the final 
optical element, has the positive lens group having the 
positive refractive power and the negative lens group 
having the negative refractive power, and at least one s 
lens group of them is a displaceable movable element. 
The effect of such the invention is the same as the in- 
vention described in (9). 

[0210] An optical information recording and reproduc- 
ing method described in (186) is characterized in that w 
the optical element to vary the divergence degree or 
convergence degree of the incident light into the final 
optical element, is composed of one positive lens and 
one negative lens, and at least one of them is a displace- 
able movable element. The effect of such the invention is 
is the same as the invention described in (10). 
[021 1 ] An optical information recording and reproduc- 
ing method described in (187) is characterized in that 
the information recording medium includes the first re- 
cording layer and the second recording layer in the order 20 
of the distance nearer from the final optical element, and 
when the recording or reproducing is conducted onto the 
first recording layer, the interval between the negative 
lens group and the positive lens group or the interval 
between the negative lens and the positive lens is more 25 
increased than the case where the recording or repro- 
ducing of the information is conducted onto the second 
recording layer. The effect of such the invention is the 
same as the invention described in (11). 
[021 2] An optical information recording and reproduc- 30 
ing method described in (188) is characterized in that 
the optical element to vary the divergence degree or 
convergence degree of the incident light into the final 
optical element, corrects the spherical aberration or ax- 
ial chromatic aberration which hinders the recording or 35 
reproducing of the information, in the information re- 
cording layer onto which the recording or reproducing is 
to be conducted. The effect of such the invention is the 
same as the invention described in (12). 
[021 3] An optical information recording and reproduc- *o 
ing method described in (189) is characterized in that 
the optical element to correct the variation of the spher- 
ical aberration and the axial chromatic aberration satis- 
fies the following expression. 
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Where, vdP : the average of Abbe's number of the d line 
of all positive lenses including the positive lens (group), 
vdN: the average of Abbe's number of the d line of all 
negative lenses including the negative lens (group). The 
effect of such the invention is the same as the invention 
described in (13). 

[0214] An optical information recording and reproduc- 55 
ing method described in (190) is characterized in that 
the vdP and the vdN satisfy the following expressions. 



vdP > 55 



vdN < 35 



<2) 



(3) 



The effect of such the invention is the same as the in- 
vention described in (14). 

[0215] An optical information recording and reproduc- 
ing method described in (191) is characterized in that 
the optical element to vary the divergence degree or 
convergence degree of the incident tight into the final 
optical element can change the refractive index distri- 
bution. The effect of such the invention is the same as 
the invention described in (15). 

[0216] An optical information recording and reproduc- 
ing method described in (192) is characterized in that at 
least one optical element constituting the light converg- 
ing optical system has at least one aspherical optical 
surface. The effect of such the invention is the same as 
the invention described in (16). 
[021 7] An optical information recording and reproduc- 
ing method described in (1 93) is characterized in that at 
least one optical element constituting the light converg- 
ing optical system has a diffraction surface having a ring 
band-like diffraction structure. The effect of such the in- 
vention is the same as the invention described in (17). 
[021 8] An optical information recording and reproduc- 
ing method described in (1 94) is characterized in that at 
least one optical element constituting the light converg- 
ing optical system is formed of the material whose spe- 
cific gravity is not larger than 2.0. The effect of such the 
invention is the same as the invention described in (18). 
[021 9] An optical information recording and reproduc- 
ing method described in (1 95) is characterized in that at 
least one optical element constituting the light converg- 
ing optical system is formed of the plastic material. The 
effect of such the invention is the same as the invention 
described in (19). 

[0220] An optical information recording and reproduc- 
ing method described in (1 96) is characterized in that at 
least one optical element constituting the light converg- 
ing optical system is formed of the material whose sat- 
uration water absorption is not larger than 0.5 %. The 
effect of such the invention is the same as the invention 
described in (20). 

[0221 ] An optical information recording and reproduc- 
ing method described in (197) is characterized in that at 
least one optical element constituting the light converg- 
ing optical system is formed of the material whose inter- 
nal transmissivity at the 3 mm thickness to the light of 
the oscillation wavelength of the light source is not 
smaller than 85 %. The effect of such the invention is 
the same as the invention described in (21). 
[0222] An optical information recording and reproduc- 
ing method described in (198) is characterized in that 
the light converging optical system has at least 2 dia- 
phragms to regulate the image side numerical aperture 
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in a plurality of information recording layers of the optical 
information recording medium. The effect of such the 
invention is the same as the invention described in (22). 
[0223] An optical information recording and reproduc- 
ing method described in (1 99) is characterized in that at s 
least one of diaphragms is positioned between the final 
optical element and the optical information recording 
medium. The effect of such the invention is the same as 
the invention described in (23). 

[0224] An optical information recording and reproduc- M 
ing method described in (200) is characterized in that at 
least one optical element of the light converging optical 
system is formed by etching. The effect of such the in- 
vention is the same as the invention described in (24). 
[0225] In an optical information recording and repro- is 
ducing method described in (201), the optical pick-up 
apparatus has the light source and the light converging 
optical system to light converge the luminous flux emit- 
ted from the light source onto any one of information re- 
cording layers of the optical information recording me- 20 
dium having a laminated plurality of information record- 
ing layers, and the optical information recording and re- 
producing method is characterized in that, when the light 
converging optical system light converges the luminous 
flux whose image side numerical aperture is not smaller 25 
than 1.0, onto the information recording layer, by using 
the optical pick-up apparatus having the final optical el- 
ement opposite to the optical information recording me- 
dium, spacing the interval not larger than the wave- 
length of the light source, the recording or reproducing 30 
of the information is to conducted onto the information 
recording layer. The effect of such the invention is the 
same as the invention described in (25). 
[0226] An optical information recording and reproduc- 
ing method described in (202) is characterized in that 35 
the light converging optical system has the final optical 
element opposite to the optical information recording 
medium, and the final optical surface of the final optical 
element is approximate to the surface of the optical in- 
formation recording medium spacing the interval not *o 
larger than one fourth of the wavelength of the light 
source. The effect of such the invention is the same as 
the invention described in (3). 

[0227] An optical information recording and reproduc- 
ing method described in (203) is characterized in that a 45 
plurality of light converging optical systems are provid- 
ed, and each of light converging optical systems is used 
for the recording or reproducing of the information onto 
the respectively different information recording layers. 
The effect of such the invention is the same as the in- 50 
vention described in (4). 

[0228] An optical information recording and reproduc- 
ing method described in (204) is characterized in that 
the optical pick-up apparatus has a selection means for 
selecting the information recording layer onto which the 55 
recording or reproducing is to be conducted, from a lam- 
inated plurality of information recording layers, and the 
recording or reproducing of the information is conducted 



onto the information recording layer selected by the se- 
lection means. The effect of such the invention is the 
same as the invention described in (5). 
[0229] An optical information recording and reproduc- 
ing method described in (205) is characterized in that 
the light converging optical system has at least 2 final 
optical elements, and each of the final optical elements 
is used for the recording or reproducing of the informa- 
tion onto the respectively different information recording 
layers, and when the selection means selects any one 
of the plurality of final optical elements, the recording or 
reproducing of the information is conducted onto the in- 
formation recording layer corresponding to the selected 
final optical element. The effect of such the invention is 
the same as the invention described in (6). 
[0230] An optical information recording and reproduc- 
ing method described in (206)is characterized in that the 
selection means changes the wavelength of the light 
source, corresponding to each of laminated information 
recording layers onto which the recording or reproduc- 
ing of the information is to be conducted. The effect of 
such the invention is the same as the invention de- 
scribed in (7). 

[0231 ] An optical information recording and reproduc- 
ing method described in (207) is characterized in that 
the selection means provides at least one optical ele- 
ment to vary the divergence degree or convergence de- 
gree of the incident light into the final optical element on 
the light source side of the final optical element, corre- 
sponding to each of laminated information recording lay- 
ers onto which the recording or reproducing of the infor- 
mation is to be conducted. The effect of such the inven- 
tion is the same as the invention described in (8). 
[0232] An optical information recording and reproduc- 
ing method described in (208) is characterized in that 
the optical element to vary the divergence degree or 
convergence degree of the incident light into the final 
optical element, has the positive lens group having the 
positive refractive power and the negative lens group 
having the negative refractive power, and at least one 
lens group of them is a displaceable movable element. 
The effect of such the invention is the same as the in- 
vention described in (9). 

[0233] An optical information recording and reproduc- 
ing method described in (209) is characterized in that 
the optical element to vary the divergence degree or 
convergence degree of the incident light into the final 
optical element, is composed of one positive lens and 
one negative lens, and at least one of them is a displace- 
able movable element. The effect of such the invention 
is the same as the invention described in (10). 
[0234] An optical information recording and reproduc- 
ing method described in (210) is characterized in that 
the information recording medium includes the first re- 
cording layer and the second recording layer in the order 
of the distance nearer from the final optical element, and 
when the recording or reproducing is conducted onto the 
first recording layer, the interval between the negative 
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lens group and the positive lens group or the interval 
between the negative lens and the positive lens is more 
increased than the case where the recording or repro- 
ducing of the information is conducted onto the second 
recording layer. The effect of such the invention is the s 
same as the invention described in (11). 
[0235] An optical information recording and reproduc- 
ing method described in (211) is characterized in that 
the optical element to vary the divergence degree or 
convergence degree of the incident light into the final io 
optical element, corrects the spherical aberration or ax- 
ial chromatic aberration which hinders the recording or 
reproducing of the information, in the information re- 
cording layer onto which the recording or reproducing is 
to be conducted. The effect of such the invention is the is 
same as the invention described in (12). 
[0236] An optical information recording and reproduc- 
ing method described in (212) is characterized in that 
the optical element to correct the variation of the spher- 
ical aberration and the axial chromatic aberration satis- 20 
ties the following expression. 
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Where, vdP : the average of Abbe's number of the d line 
of all positive lenses including the positive lens (group), 
vdN : the average of Abbe's number of the d line of all 
negative lenses including the negative lens (group). The 
effect of such the invention is the same as the invention 30 
described in (13). 

[0237] An optical information recording and reproduc- 
ing method described in (212) is characterized in that 
the vdP and the vdN satisfy the following expressions. 
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The effect of such the invention is the same as the in- 
vention described in (14). 

[0238] An optical information recording and reproduc- 
ing method described in (214) is characterized in that 45 
the optical element to vary the divergence degree or 
convergence degree of the incident light into the final 
optical element can change the refractive index distri- 
bution. The effect of such the invention is the same as 
the invention described in (15). so 
[0239] An optical information recording and reproduc- 
ing method described in (215) is characterized in that at 
least one optical element constituting the light converg- 
ing optical system has at least one aspherical optical 
surface. The effect of such the invention is the same as ss 
the invention described in (16). 

[0240] An optical information recording and reproduc- 
ing method described in (216) is characterized in that at 



least one optical element constituting the light converg- 
ing optical system has a diffraction surface having a ring 
band-like diffraction structure. The effect of such the in- 
vention is the same as the invention described in (17). 
[0241] An optical information recording and reproduc- 
ing method described in (217) is characterized in that at 
least one optical element constituting the light converg- 
ing optical system is formed of the material whose spe- 
cific gravity is not larger than 2.0. The effect of such the 
invention is the same as the invention described in (18). 
[0242] An optical information recording and reproduc- 
ing method described in (218) is characterized in that at 
least one optical element constituting the light converg- 
ing optical system is formed of the plastic material. The 
effect of such the invention is the same as the invention 
described in (19). 

[0243] An optical information recording and reproduc- 
ing method described in (219) is characterized in that at 
least one optical element constituting the light converg- 
ing optical system is formed of the material whose sat- 
uration water absorption is not larger than 0.5 %. The 
effect of such the invention is the same as the invention 
described in (20). 

[0244] An optical information recording and reproduc- 
ing method described in (220) is characterized in that at 
least one optical element constituting the light converg- 
ing optical system is formed of the material whose inter- 
nal transmissivity at the 3 mm thickness to the light of 
the oscillation wavelength of the light source is not 
smaller than 85 %. The effect of such the invention is 
the same as the invention described in (21). 
[0245] An optical information recording and reproduc- 
ing method described in (221 ) is characterized in that 
the light converging optical system has at least 2 dia- 
phragms to regulate the image side numerical aperture 
in a plurality of information recording layers of the optical 
information recording medium. The effect of such the 
invention is the same as the invention described in (22). 
[0246] An optical information recording and reproduc- 
ing method described in (222) is characterized in that at 
least one diaphragm of the diaphragms is positioned be- 
tween the final optical element and the optical informa- 
tion recording medium. The effect of such the invention 
is the same as the invention described in (23). 
[0247] An optical information recording and reproduc- 
ing method described in (223) is characterized in that at 
least one optical element of the light converging optical 
system is formed by etching. The effect of such the in- 
vention is the same as the invention described in (24). 
[0248] An optical information recording and reproduc- 
ing method described in (224) is characterized in that 
the optical pick-up apparatus which has the light source 
and the light converging optical system to light converge 
the luminous flux emitted from the light source onto any 
one of information recording layers of the optical infor- 
mation recording medium having a transparent sub- 
strate whose thickness is not smaller than the wave- 
length of the light source on the outermost information 



21 




EP1 244 



recording layer, and when, by using the optical pick-up 
apparatus having the final optical element opposite to 
the transparent substrate spacing the interval not larger 
than the wavelength of the light source, the light con- 
verging optical system light-converges the luminous flux 5 
whose image side numerical aperture is not smaller than 
1.0 onto the information recording layer, the recording 
or reproducing of the information is conducted onto the 
information recording layer. The effect of such the in- 
vention is the same as the invention described in (48). 10 
[0249] An optical information recording and reproduc- 
ing method described in (225) is characterized in that 
the final optical surface of the final optical element is 
approximate to the surface of the optical information re- 
cording medium spacing the interval not larger than one 15 
fourth of the wavelength of the light source. The effect 
of such the invention is the same as the invention de- 
scribed in (3). 

[0250] An optical information recording and reproduc- 
ing method described in (226) is characterized in that a 20 
plurality of light converging optical systems are provid- 
ed, and each of light converging optical systems is used 
for the recording or reproducing of the information onto 
the respectively different information recording layers. 
The effect of such the invention is the same as the in- 25 
vention described in (4). 

[0251 ] An optical information recording and reproduc- 
ing method described in (227) is characterized in that 
the optical pick-up apparatus has a selection means for 
selecting the information recording layer onto which the 30 
recording or reproducing is to be conducted, from a lam- 
inated plurality of information recording layers, and the 
recording or reproducing of the information is conducted 
onto the information recording layer selected by the se- 
lection means. The effect of such the invention is the 35 
same as the invention described in (5). 
[0252] An optical information recording and reproduc- 
ing method described in (228) is characterized in that 
the light converging optical system has at least 2 final 
optical elements, and each of the final optical elements <o 
is used for the recording or reproducing of the informa- 
tion onto the respectively different information recording 
layers, and when the selection means selects any one 
of the plurality of final optical elements, the recording or 
reproducing of the information is conducted onto the in- 45 
formation recording layer corresponding to the selected 
final optical element. The effect of such the invention is 
the same as the invention described in (6). 
[0253] An optical information recording and reproduc- 
ing method described in (229) is characterized in that so 
the selection means changes the wavelength of the light 
source, corresponding to each of laminated information 
recording layers onto which the recording or reproduc- 
ing of the information is to be conducted. The effect of 
such the invention is the same as the invention de- 55 
scribed in (7). 

[0254] An optical information recording and reproduc- 
ing method described in (230) is characterized in that 
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the selection means provides at least one optical ele- 
ment to vary the divergence degree or convergence de- 
gree of the incident light into the final optical element on 
the light source side of the final optical element, corre- 
sponding to each of laminated information recording lay- 
ers onto which the recording or reproducing of the infor- 
mation is to be conducted. The effect of such the inven- 
tion is the same as the invention described in (8). 
[0255] An optical information recording and reproduc- 
ing method described in (231) is characterized in that 
the optical element to vary the divergence degree or 
convergence degree of the incident light into the final 
optical element, has the positive lens group having the 
positive refractive power and the negative lens group 
having the negative refractive power, and at least one 
lens group of them is a displaceable movable element. 
The effect of such the invention is the same as the in- 
vention described in (9). 

[0256] An optical information recording and reproduc- 
ing method described in (232) is characterized in that 
the optical element to vary the divergence degree or 
convergence degree of the incident light into the final 
optical element, is composed of one positive lens and 
one negative lens, and at least one of them is a displace- 
able movable element. The effect of such the invention 
is the same as the invention described in (10). 
[0257] An optical information recording and reproduc- 
ing method described in (233) is characterized in that 
the information recording medium includes the first re- 
cording layer and the second recording layer in the order 
of the distance nearer from the final optical element, and 
when the recording or reproducing is conducted onto the 
first recording layer, the interval between the negative 
lens group and the positive lens group or the interval 
between the negative lens and the positive lens is more 
increased than the case where the recording or repro- 
ducing of the information is conducted onto the second 
recording layer. The effect of such the invention is the 
same as the invention described in (11). 
[0258] An optical information recording and reproduc- 
ing method described in (234) is characterized in that 
the optical element to vary the divergence degree or 
convergence degree of the incident light into the final 
optical element, corrects the spherical aberration or ax- 
ial chromatic aberration which hinders the recording or 
reproducing of the information, in the information re- 
cording layer onto which the recording or reproducing is 
to be conducted. The effect of such the invention is the 
same as the invention described in (12). 
[0259] An optical information recording and reproduc- 
ing method described in (235) is characterized in that 
the optical element to correct the variation of the spher- 
ical aberration and the axial chromatic aberration satis- 
fies the following expression. 
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Where, vdP : the average of Abbe's rllniber of the d line 
of all positive lenses including the positive lens (group), 
vdN : the average of Abbe's number of the d line of all 
negative lenses including the negative lens (group). The 
effect of such the invention is the same as the invention s 
described in (13). 

[0260] An optical information recording and reproduc- 
ing method described in (236) is characterized in that 
the vdP and the vdN satisfy the following expressions. 
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The effect of such the invention is the same as the in- 
vention described in (14). 

[0261 ] An optical information recording and reproduc- 
ing method described in (237) is characterized in that 20 
the optical element to vary the divergence degree or 
convergence degree of the incident light into the final 
optical element can change the refractive index distri- 
bution. The effect of such the invention is the same as 
the invention described in (15). 25 
[0262] An optical information recording and reproduc- 
ing method described in (238) is characterized in that at 
least one optical element constituting the light converg- 
ing optical system has at least one aspherical optical 
surface. The effect of such the invention is the same as 30 
the invention described in (16). 

[0263] An optical information recording and reproduc- 
ing method described in (239) is characterized in that at 
least one optical element constituting the light converg- 
ing optical system has a diffraction surface having a ring 35 
band-like diffraction structure. The effect of such the in- 
vention is the same as the invention described in (17). 
[0264] An optical information recording and reproduc- 
ing method described in (240) is characterized in that at 
least one optical element constituting the light converg- *o 
ing opticai system is formed of the material whose spe- 
cific gravity is not larger than 2.0. The effect of such the 
invention is the same as the invention described in (18). 
[0265] An optical information recording and reproduc- 
ing method described in (241 ) is characterized in that at 45 
least one optical element constituting the light converg- 
ing optical system is formed of the plastic material. The 
effect of such the invention is the same as the invention 
described in (19). 

[0266] An optical information recording and reproduc- so 
ing method described in (242) is characterized in that at 
least one optical element constituting the light converg- 
ing optical system is formed of the material whose sat- 
uration water absorption is not larger than 0.5 %. The 
effect of such the invention is the same as the invention 55 
described in (20). 

[0267] An optical information recording and reproduc- 
ing method described in (243) is characterized in that at 



least one optical element constituting the light converg- 
ing optical system is formed of the material whose inter- 
nal transmissivity at the 3 mm thickness to the light of 
the oscillation wavelength of the light source is not 
smaller than 85 %. The effect of such the invention is 
the same as the invention described in (21). 
[0268] An optical information recording and reproduc- 
ing method described in (244) is characterized in that 
the light converging optical system has at least 2 dia- 
phragms to regulate the image side numerical aperture 
in a plurality of information recording layers of the optical 
information recording medium. The effect of such the 
invention is the same as the invention described in (22). 
[0269] An optical information recording and reproduc- 
ing method described in (245) is characterized in that at 
least one diaphragm of the diaphragms is positioned be- 
tween the final optical element and the optical informa- 
tion recording medium. The effect of such the invention 
is the same as the invention described in (23). 
[0270] An optical information recording and reproduc- 
ing method described in (246) is characterized in that at 
least one optical element of the light converging optical 
system is formed by etching. The effect of such the in- 
vention is the same as the invention described in (24). 
[0271] In an optical information recording and repro- 
ducing method described in (247), in which, by using the 
optical pick-up apparatus which has the light source and 
the light converging optical system to light converge the 
luminous flux emitted from the light source onto any one 
of information recording layers of the optical information 
recording medium having a plurality of laminated infor- 
mation recording layers, the recording or reproducing of 
the information is conducted onto the optical information 
recording medium, the optical information recording and 
reproducing method is characterized in that, by a pre- 
determined optical pick-up element provided between 
the light source and the final optical element of the light 
converging optical system, the information recording 
layer onto which the recording or reproducing of the in- 
formation is to be conducted is changed. The effect of 
such the invention is the same as the invention de- 
scribed in (71 ). 

[0272] An optical information recording and reproduc- 
ing method described in (248) is characterized in that 
the optical element to change the information recording 
layer onto which the recording or reproducing of the in- 
formation is to be conducted, varies the divergence de- 
gree or convergence degree of the incident light into the 
final optical element. The effect of such the invention is 
the same as the invention described in (8). 
[0273] An optical information recording and reproduc- 
ing method described in (249) is characterized in that 
the optical element to vary the divergence degree or 
convergence degree of the incident light into the final 
optical element, has the positive lens group having the 
positive refractive power and the negative lens group 
having the negative refractive power, and at least one 
lens group of them is a displaceable movable element. 
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The effect of such the invention is the same as the in- 
vention described in (9). 

[0274] An optical information recording and reproduc- 
ing method described in (250) is characterized in that 
the optical element to vary the divergence degree or s 
convergence degree of the incident light into the final 
optical element, is composed of one positive lens and 
one negative lens, and at least one of them is a displace- 
able movable element. The effect of such the invention 
is the same as the invention described in (10). w 
[0275] An optical information recording and reproduc- 
ing method described in (251) is characterized in that 
the information recording medium includes the first re- 
cording layer and the second recording layer in the order 
of the distance nearer from the final optical element, and is 
when the recording or reproducing is conducted onto the 
first recording layer, the interval between the negative 
lens group and the positive lens group or the interval 
between the negative lens and the positive lens is more 
increased than the case where the recording or repro- 20 
ducing of the information is conducted onto the second 
recording layer. The effect of such the invention is the 
same as the invention described in (11). 
[0276] An optical information recording and reproduc- 
ing method described in (252) is characterized in that 25 
the optical element to vary the divergence degree or 
convergence degree of the incident light into the final 
optical element, corrects the spherical aberration or ax- 
ial chromatic aberration which hinders the recording or 
reproducing of the information, in the information re- 30 
cording layer onto which the recording or reproducing is 
to be conducted. The effect of such the invention is the 
same as the invention described in (12). 
[0277] An optical information recording and reproduc- 
ing method described in (253) is characterized in that 35 
the optical element to correct the variation of the spher- 
ical aberration and the axial chromatic aberration satis- 
fies the following expression. 



vdP > vdN 



(D 



vdP > 55 



vdN<35 



(2) 



(3) 



40 



Where, vdP : the average of Abbe's number of the d line 
of all positive lenses including the positive lens (group), 
vdN : the average of Abbe's number of the d line of all 45 
negative lenses including the negative lens (group). The 
effect of such the invention is the same as the invention 
described in (13). 

[0278] An optical information recording and reproduc- 
ing method described in (254) is characterized in that so 
the value vdP and the value vdN satisfy the following 
expressions. 



55 



The effect of such the invention is the same as the in- 
vention described in (14). 

[0279] An optical information recording and reproduc- 
ing method described in (255) is characterized in that 
the optical element to vary the divergence degree or 
convergence degree of the incident light into the final 
optical element can change the refractive index distri- 
bution. The effect of such the invention is the same as 
the invention described in (15). 
[0280] An optical information recording and reproduc- 
ing method described in (256) is characterized in that at 
least one optical element constituting the light converg- 
ing optical system has at least one aspherical optical 
surface. The effect of such the invention is the same as 
the invention described in (1 6). 

[0281] An optical information recording and reproduc- 
ing method described in (257) is characterized in that at 
least one optical element constituting the light converg- 
ing optical system has a diffraction surface having a ring 
band-like diffraction structure. The effect of such the in- 
vention is the same as the invention described in (17). 
[0282] An optical information recording and reproduc- 
ing method described in (258) is characterized in that at 
least one optical element constituting the light converg- 
ing optical system is formed of the material whose spe- 
cific gravity is not larger than 2.0. The effect of such the 
invention is the same as the invention described in (1 8). 
[0283] An optical information recording and reproduc- 
ing method described in (259) is characterized in that at 
least one optical element constituting the light converg- 
ing optical system is formed of the plastic material. The 
effect of such the invention is the same as the invention 
described in (19). 

[0284] An optical information recording and reproduc- 
ing method described in (260) is characterized in that at 
least one optical element constituting the light converg- 
ing optical system is formed of the material whose sat- 
uration water absorption is not larger than 0.5 %. The 
effect of such the invention is the same as the invention 
described in (20). 

[0285] An optical information recording and reproduc- 
ing method described in (261 ) is characterized in that at 
least one optical element constituting the light converg- 
ing optical system is formed of the material whose inter- 
nal transmissivity at the 3 mm thickness to the light of 
the oscillation wavelength of the light source is not 
smaller than 85 %. The effect of such the invention is 
the same as the invention described in (21). 
[0286] An optical information recording and reproduc- 
ing method described in (262) is characterized in that 
the light converging optical system has at least 2 dia- 
phragms to regulate the image side numerical aperture 
in a plurality of information recording layers of the optical 
information recording medium. The effect of such the 
invention is the same as the invention described in (22). 
[0287] An optical information recording and reproduc- 
ing method described in (263) is characterized in that at 
least one diaphragm of the diaphragms is positioned be- 
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tween the final optical element and the optical informa- 
tion recording medium. The effect of such the invention 
is the same as the invention described in (23). 
[0288] An optical information recording and reproduc- 
ing method described in (264) is characterized in that at 5 
least one optical element of the light converging optical 
system is formed by etching. The effect of such the in- 
vention is the same as the invention described in (24). 
[0289] In the present specification, the phrase of the 
recording or reproducing of the information onto the in- w 
formation recording layer, means, when the information 
recording layer is structured by the layer through which 
the light can be transmitted, and information recording 
surface, the information recording light is irradiated onto 
the information recording surface through the layer is 
through which the light can be transmitted, and the re- 
cording of the information is conducted onto that posi- 
tion, or the reproducing of the information is conducted 
from that position. 

[0290] The diffraction surface used in the present 20 
specification means that the surface of the optical ele- 
ment, for example, on the surface of the lens, a relief is 
provided, and a mode (or a surface) in (or on) which the 
angle of the light is changed by the diffraction, and when 
there is, on one optical surface, an area in which the 25 
diffraction is generated and not generated, it means the 
area in which the diffraction is generated. As the shape 
of the relief, for example, on the surface of the optical 
element, it is formed as an almost concentric circle-like 
ring band around the optical axis, and when viewing its 30 
cross section on the surface including the optical axis, 
it is well known that each ring band has a saw-toothed 
shape, and it includes such the shape. Specifically, such 
the saw-toothed ring band structure is preferable. 
[0291] The light-converging optical system used in 35 
the present specification means the optical element 
group to light converge the luminous flux emitted from 
the light source, or optical element group concerning the 
light convergence (for example, including a beam ex- 
pander or negative lens of the aberration correction sys- 40 
tern). The final optical element means the optical ele- 
ment including in the light converging optical system 
which is most approximate to or in contact with the op- 
tical information recording medium. 

[0292] The beam expander used in the present spec- 45 
ification means at least one optical element such as a 
lens is displaceable, and thereby, the divergent angle 
(divergent action, convergent action are included) can 
be changed, and when almost parallel luminous flux is 
incident to it, it means a collective body of optical ele- so 
ments such as lenses (optical element group such as 
lens group) from which almost parallel light can be emit- 
ted. It is preferable that a plurality of optical elements 
such as these lenses are integrated, and when at least 
the optical element such as one lens is structured to be ss 
displaceable, the drive means such as a displacing ap- 
paratus to practically displace it, may not be included as 
a beam expander. 



[0293] In the present specification, as the optical in- 
formation recording medium, it may be a disk-like me- 
dium which rotates around the center of the disk as the 
axis, or may not be so. Further, as the recording or re- 
producing system of the information onto the informa- 
tion recording layer, it may be a system using the phase 
change recording system such as a CD or DVD, or when 
it is a system in which the recording or reproducing is 
conducted by using the converged light, it may not be 
limited to that. 

[0294] In the present specification, the recording or 
reproducing of the information means that the informa- 
tion is recorded on the information recording surface of 
the optical information recording medium as described 
above, or the information recorded on the information 
recording surface is reproduced. The optical pick-up ap- 
paratus of the present invention may be used for con- 
ducting only recording or only reproducing, and may be 
used for conducting both of the recording and reproduc- 
ing. Further, it may be used for conducting the recording 
onto one optical information recording medium, and 
conducting the reproducing onto another optical infor- 
mation recording medium, and it may be used for con- 
ducting the recording or reproducing onto an optical in- 
formation recording medium, and conducting the re- 
cording and reproducing onto another optical informa- 
tion recording medium. In this connection, the reproduc- 
tion used herein includes also only the reading of the 
information. 

[0295] The optical pick-up apparatus of the present 
invention can be mounted onto the recording and/or re- 
producing apparatus of the digital data including the 
voice and image of each kind of player or drive, or a 
media equipment in which these are assembled, per- 
sonal computer, and other information devices. 

(Embodiment of the invention) 

[0296] Referring to the drawings, an embodiment of 
the invention will be described below. Fig. 2 is an outline 
structural view of an optical pick-up apparatus by which 
the recording or reproducing of the information can be 
conducted onto a multi-layer type optical information re- 
cording medium which is an embodiment of the present 
invention, in Fig. 2, the divergent angle of the informa- 
tion recording light emitted from the first light source 11 
is changed by a coupling lens 15, and after the light 
passes through a beam splitter 61, the divergent angle 
is changed by a coupling lens 21, and after passed 
through an 1/4 wavelength plate 71, the light passes 
through a beam splitter 62, and passes through a neg- 
ative lens 5 and positive lens which are displaceable in 
the optical axis direction, and enters into an objective 
lens 1 stopped down by a diaphragm 8A. In the present 
embodiment, the objective lens 1 is structured by the 
second lens 1a and the solid immersion lens 1b which 
is a final optical element. The information recording light 
emitted from the objective lens 1 is not stopped down 
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by the diaphragm 8B arranged on the emitting surface 
1b of the solid immersion lens, and image-formed onto 
the first recording layer 23a of a multi-layer (in which a 
plurality of (herein, 2) information recording layers are 
provided) type optical information recording medium 23, 5 
and the information is recorded or reproduced. It is pref- 
erable that the second lens 1a of the objective lens 1 
and the solid immersion lens 1b which is a SIL (Solid 
Immersion Lens)(or another optical element), are 
formed of the plastic material whose saturation water 10 
absorption is not larger than 5 %. The beam expander 
is structured by the negative lens 5, positive lens 6, and 
an actuator 7. Further, a light converging optical system 
is composed of the coupling lens 15, 21, negative lens 
5, positive lens 6, and objective lens 1. is 
[0297] The light reflected by the first recording layer 
23a of the optical information recording medium 23 goes 
the same light path, and is reflected by the beam splitter 
62, and image-formed onto the light receiving surface 
of a light detector 41 through a cylindrical lens 9 and 20 
concave lens 1 6. 

[0298] On the one hand, the information recording 
light irradiated from the second light source 12, passes 
through a hologram 17, and the divergent angle is 
changed by a coupling lens 22, and after the light passes 25 
through the 1/4 wavelength plate, it is reflected by a 
beam splitter 62, and by an actuator 7, it passes the dis- 
placeable negative lens 5 and positive lens 4, and is not 
stopped down by the diaphragm 8A, and enters into the 
objective lens 1 . The information recording fight emitted 30 
from the objective lens 1 is image-formed onto the sec- 
ond recording layer 23b after it is stopped down by the 
diaphragm 8B arranged on the emitting surface 1b of 
the solid immersion lens, and the recording or reproduc- 
ing of the information is conducted. 35 
[0299] The light reflected by the second recording lay- 
er 23b of the optical information recording medium 23 
passes the same light path and reflected by the beam 
splitter 62, and image-formed onto the light receiving 
surface of the light detector 42 through the 1/4 wave- *o 
length plate 72, coupling lens 22, and hologram 17 
which separates the reflected light. 
[0300] Herein, the interval between the solid immer- 
sion lens 1b and the optical information recording me- 
dium 23 is, as shown in Fig. 1 , not larger than 1/4 of the 45 
wavelength of the information recording light. Accord- 
ingly, according to the present embodiment, by using the 
near field effect, the recording or reproducing of the in- 
formation can be conducted onto the information record- 
ing surface of each of information recording layers, 50 
through a protective layer (not shown) of the optical in- 
formation recording medium 23 by the information re- 
cording light whose image side numerical aperture (NA) 
is not smaller than 1 , including the evanescent light from 
the solid immersion lens 1b. 55 
[0301] Further, in the present embodiment, when the 
negative lens 5 is moved in the optical axis direction by 
the actuator 7, the recording or reproducing of the infor- 



mation may be conducted onto the different information 
recording layers. Specifically, when the interval between 
the negative lens 5 and positive lens 6b is increased, 
the recording or reproducing of the information is con- 
ducted onto the information recording layer 23a nearer 
to the solid immersion lens 1b, and when the interval 
between the negative lens 5 and positive lens 6 is re- 
duced, the recording or reproducing of the information 
can be conducted onto the information recording layer 
23b farther from the solid immersion lens 1b. In the 
present embodiment, a selection means is structured by 
beam expanders (5, 6, 7) which function as a transfer 
apparatus to change the divergent angle of the luminous 
flux, and further, function as the optical element to 
change the information recording layers onto which the 
recording or reproducing of the information is to be con- 
ducted. 

[0302] Further, in the present embodiment, corre- 
sponding to a fact that the wavelengths of the first light 
source 11 and the second light source 12 are different, 
by using that the focal distance of the objective lens 
changes, the recording or reproducing of the information 
may be conducted onto the different information record- 
ing layers thereby. In such the case, the selection means 
used in the present invention means that the first light 
source 11 , and second light source 12, and each of op- 
tical systems through which the information recording 
light irradiated from them passes. Such the optical sys- 
tem is, in the present embodiment, used as a common 
in a portion, however, it may be an independently sep- 
arated one. However, when the optical element consti- 
tuting each optical system is formed of a material whose 
internal transmissivity is not smaller than 85 % at the 3 
mm thickness, the loss at the time of light transmission 
can be preferably suppressed. 

[0303] In this connection, in order to selectively con- 
ducting the recording or reproducing of the information 
onto each of information recording layers 23a, 23 b of 
the optical information recording medium 23, it is con- 
sidered that, for example, 2 of the second lenses 1a of 
the objective lens, or the solid immersion lenses 1b are 
prepared, and are separately used corresponding to the 
information recording layers onto which the recording or 
reproducing of the information is required to be conduct- 
ed. 

[0304] As a means for correcting the variation of the 
spherical aberration and axial chromatic aberration, 
when the optical surface of the second lens 1a of the 
objective lens 1 is formed into an aspherical surface, the 
aberration becomes fine, and further, when the diffrac- 
tion ring band is formed on the optical surface, the axial 
chromatic aberration correction or the temperature cor- 
rection becomes possible. However, such the aspheri- 
cal surface or diffraction ring band may be provided on 
another optical element (the coupling lens 15, 21, 22, 
negative lens 5, positive lens 6). 
[0305] When the negative lens 5 and positive lens 6 
are used as a means for correcting the variation of the 
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spherical aberration and axial chromatic aberration, it 
may be preferable when the following expression is sat- 
isfied. 



vdP > vdN 



(D 



Particularly, it is preferable when the following expres- 
sions are satisfied. 



vdP > 55 



vdN < 35 



(2) 



(3) 



Where, vdP : the average of Abbe's number of the d line 
of the positive lens 6, and vdN : the average of Abbe's 
number of the d line of the negative lens 5. 
[0306] Fig. 3 is an outline structural view showing the 
optical system according to the second embodiment. In 
the present embodiment, it is different that, instead of 
the beam expander shown in Fig. 2, the optical element 
SE is used and the light converging optical system is 
structured. The optical system SE as the changing 
means is an element by which the refractive index dis- 
tribution can be changed, and in Fig. 3, it is arranged on 
the light source (not shown) side of the solid immersion 
lens 1b. 

[0307] The optical element SE is formed in such a 
manner that, as shown in Fig. 3, for example, an elec- 
trode layers a, b, and c which are electrically connected 
and optically transparent, and a refractive index change- 
able layers d, e, which are electrically insulated from the 
electrode layers a, b, c, and by which the refractive index 
distribution is changed corresponding to the applied 
voltage, are alternately laminated, and the optically 
transparent electrodes a, b, c are divided into a plurality 
of areas. 

[0308] Herein, by using the optical element SE, to se- 
lect the information recording layers of the multi-layer 
type optical information recording medium 23, the volt- 
age is applied onto the electrode layers a, b, c by the 
drive apparatus DS of the optical element SE, and when 
the refractive index of the refractive index changeable 
layers d, e is changed corresponding to the place, and 
the phase of the emitted light from the optical element 
SE toward the solid immersion lens 1 b is controlled, the 
divergence degree or convergence degree of the inci- 
dent light into the solid immersion lens 1b can be 
changed. When the divergence degree or convergence 
degree of the incident light into the solid immersion lens 
1b is changed, the image formation position of the light 
which is light converged by the solid immersion lens 1 b 
is changed, thereby, the information recording layer on- 
to which the information is recorded or reproduced can 
be changed. 

[0309] Fig. 4 is an outline structural view showing the 



optical system according to the third embodiment. In the 
present embodiment, the optical element SE as the 
changing means is provided with a liquid crystal element 
a' in which the liquid crystal molecule is arranged align- 

5 ing in the arbitrary X direction, in the vertical surface to 
the optical axis, and a liquid crystal element b' in which 
the liquid crystal molecule is arranged aligning in the Y 
direction perpendicular to the X direction, in the vertical 
surface to the optical axis, and by the liquid crystal ele- 

10 ment a', b', the glass substrate c' is nipped, and alter- 
nately laminated, and a 1/2 wavelength plate d' is ar- 
ranged between the inside glass substrates c\ 
[0310] Herein, by using the optical element SE, to se- 
lect the information recording layer of the multi-layer 

15 type optical information recording medium 23, when the 
voltage is applied onto the liquid crystal elements a', b' 
by the drive apparatus DS of the optical element SE, 
and the X direction component and Y direction compo- 
nent of the phase of the emitted light from the optical 

20 element SE are independently controlled, the diver- 
gence degree or convergence degree of the incident 
light into the solid immersion lens 1b can be changed. 
When the divergence degree or convergence degree of 
the incident light into the solid immersion lens 1b is 

25 changed, the image formation position of the light which 
is light converged by the solid immersion lens 1b is 
changed, thereby, the information recording layer onto 
which the information is recorded or reproduced can be 
changed. 

30 [0311] As described above, according to the optical 
element SE shown in Figs. 3 and 4, when the refractive 
index distribution is generated corresponding to the volt- 
age impression, thereby, the layer which is an object of 
the recording or reproducing is changed, the light con- 

35 verging optical system not having movable parts and 
having a mechanically simple structure can be provided. 
In this connection, as it is well known, by the optical el- 
ement SE, the variation of the spherical aberration can 
also be corrected. 

40 [0312] Fig. 5 is a view showing the relationship be- 
tween the final optical element and the diaphragm, ac- 
cording to the fourth embodiment. As shown in Fig. 5 
(a), the information recording light by which the informa- 
tion is recorded or reproduced onto the first information 

45 recording layer 23a (Fig. 2) of the information recording 
layers 23 is stopped down by the diaphragm 108A ar- 
ranged on the incident surface side of a single dioptric 
SIM (Solid Immersion Mirror, hereinafter, called SIM), 
1 b' as the final optical element supported through an in- 

50 terval not larger than 1/4 of the using wavelength to the 
optical information recording medium 23, and as shown 
in Fig 5(b), the information recording light by which the 
information is recorded or reproduced onto the second 
information recording layer 23b (Fig. 2) of the informa- 

55 tion recording layers 23 is stopped down by the dia- 
phragm (transmission opening portion) 108B arranged 
between the SIM 1b' and optical information recording 
medium 23. 
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[0313] Fig. 6 is a view showing the relationship be- 
tween the objective lens and the diaphragm according 
to the fifth embodiment. As shown in Fig. 6(a), the infor- 
mation recording light by which the information is re- 
corded or reproduced onto the first information record- s 
ing layer 23a (Fig. 2) of the information recording layers 
23 is stopped down by the diaphragm 208A arranged 
on the incident surface side of the second tens 1 a of the 
objective lens, and as shown in Fig. 5(b), the information 
recording light by which the information is recorded or to 
reproduced onto the second information recording layer 
23b (Fig. 2) of the information recording layers 23 is 
stopped down by a diaphragm (transmission opening 
portion) 208B arranged between the solid immersion 
lens 1b and the optical information recording medium is 
23. According to the 4 and 5 embodiments described 
above, the image side numerical aperture (NA)in the 
case where the information is recorded or reproduced 
onto each of information recording layers can be respec- 
tively independently set when the diameters of the ap- 20 
ertures of the diaphragms 1 08A and 1 08B or 208A and 
208B are adjusted. 

[0314] Fig. 7 is a view showing a light converging op- 
tical system according to the sixth embodiment. The 
light converging optical system of the present embodi- 25 
ment is structured by a SIM 1b' supported through the 
interval not larger than 1/4 of the using wavelength to 
the multi-layer type optical information recording medi- 
um 23, and a beam expander structured by respectively 
one positive lens 105 and one negative lens 106 from 30 
the light source side, not shown. When, from the position 
shown in Fig. 7(a), only the positive lens 1 05 of the beam 
expander is moved along the optical axis to the SIM 1 b 1 
side (position shown in Fig. 7(b)), the divergence degree 
of the incident light into the SIM 1 b 1 is changed, thereby, 35 
the information recording layer of the optical information 
recording medium 23 which is an object to record or re- 
produce the information, is changed. In this connection, 
the order of the positive lens 105 and negative lens 106 
is not also concerned about the order of the negative *o 
lens and positive lens from the light source. 
[0315] Fig. 8 is a view showing a light converging op- 
tical system according to the seventh embodiment. The 
light converging optical system of the present embodi- 
ment is structured by a solid immersion lens 1 b support- 45 
ed through the interval of 1/4 of the using wavelength to 
the multi-layer type optical information recording medi- 
um 23, and a beam expander structured by respectively 
one positive lens 205 and one negative lens 206 from 
the light source side, not shown. When, from the position so 
shown in Fig. 8(a), only the positive lens 205 of the beam 
expander is moved along the optical axis to the solid 
immersion lens 1b side (position shown in Fig. 8(b)), the 
divergence degree of the incident light into the solid im- 
mersion lens 1 b is changed, thereby, the information re- ss 
cording layer of the optical information recording medi- 
um 23 which is an object to record or reproduce the in- 
formation, is changed. 



[031 6] Fig. 9 is a view showing a light converging op- 
tical system according to the eighth embodiment. The 
light converging optical system of the present embodi- 
ment is structured by a solid immersion lens 1b support- 
ed through the interval of 1/4 of the using wavelength to 
the multi-layer type optical information recording medi- 
um 23, and a beam expander structured by the second 
lens 1a and diaphragm 308A, and respectively one neg- 
ative lens 305 and one positive lens 306 from the light 
source side, not shown. When, from the position shown 
in Fig. 9(a), only the negative lens 305 of the beam ex- 
pander is moved along the optical axis to the solid im- 
mersion lens 1b side (position shown in Fig. 9(b)), the 
divergence degree of the incident light into the solid im- 
mersion lens 1b is changed, thereby, the information re- 
cording layer of the optical information recording medi- 
um 23 which is an object to record or reproduce the in- 
formation, is changed. 

[0317] Fig. 10 is a view showing an objective lens 
composition according to another embodiment. In Fig. 
1 0, the solid immersion lens 1 b is a super semi-spherical 
lens, and structured so that the following aplanatic con- 
ditional expressions are realized. Further, the light con- 
verging point of the solid immersion lens 1b is at just an 
intermediate between 2 recording layers. 



S = r(1 +(n"/n)) 



S' = r(1 +(n/n')) 



(4) 



(5) 



Where, S: the distance from the image forming point P 
of the second lens 1a to the apex V of the solid immer- 
sion lens 1b, S' : the distance from the image forming 
point P' of the composite system to the apex V of the 
solid immersion lens 1 b, r. the radius of curvature of the 
solid immersion lens 1b, n: the refractive index of the 
air, and n' : the refractive index of the solid immersion 
lens 1b. 

[0318] Herein, in Fig. 10, the numerical aperture (NA) 
of the second lens 1a is sin e (9 is a half angle of the 
maximum conical angle of the image space of the ob- 
jective lens), and NA' in the composition system of the 
objective lens composed of the second lens 1 a and the 
solid immersion lens 1b can be expressed by (n 1 ) 2 • sin 
6 (in this connection, n' is the refractive index of the solid 
immersion lens 1b). Further, when the aberration of the 
objective lens is finely corrected, this solid immersion 
lens 1b can realize the light convergence of almost no 
aberration. Accordingly, when the objective lens for the 
existing CD, DVD is used as the objective lens, the op- 
tical system whose image side numerical aperture (NA) 
is not smaller than 1 , and whose aberration is finely cor- 
rected, can be easily obtained. 

[0319] According to the optical pick-up apparatus and 
objective lens of the present invention, the large capac- 
ity of optical information recording and/or reproduction, 
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which is more increased than the conventional one, to- 
gether with both the area recording density and volume 
recording density of the optical information recording 
medium, can be conducted. 



Claims 

1. A converging optical system for use in an optical 
pickup apparatus having a light source to emit a 
light flux and for recording and or reproducing infor- 
mation for an optical information recording medium 
having a plurality of information recording layers, 
comprising: 

the converging optical system to converge the 
light flux emitted from the light source onto each 
information recording layer of the plurality of in- 
formation recording layers, 

wherein the converging optical system con- 
verges a light flux having an image side-numerical 
aperture of 1.0 or more onto the each information 
recording layer so as conduct recording and/or re- 
producing information for the each information re- 
cording layer. 

2. The converging optical system of claim 1 , wherein 
the converging optical system has a final optical el- 
ement opposite to the optical information recording 
medium and an final optical surface of the final op- 
tical element locates close to the surface of the op- 
tical information recording medium with a gap 
smaller than the wavelength of the light source. 

3. The converging optical system according to claim 1 , 

wherein the optical information recording me- 
dium comprises a transparent base board on an in- 
formation recording layer positioned closest to the 
converging optical system and the transparent base 
board has a thickness larger than a wavelength of 
the light source; 

wherein the converging optical system has a 
final optical element opposite to the optical informa- 
tion recording medium with a gap smaller than the 
wavelength Of the light source; and 

wherein the converging optical system con- 
verges said light flux onto each information record- 
ing layer through the transparent base. 

4. The converging optical system of claim 2 or 3, 
wherein the gap is not larger than (1/4) of the wave- 
length of the light source. 

5. The converging optical system of claim 1 , wherein 
the converging optical system has a final optical el- 
ement opposite to the optical information recording 
medium and an final optical surface of the final op- 



to 



tical element comes in contact with the a surface of 
the optical information recording medium. 

The converging optical system according to any of 
claims 1 to 5, further comprising a plurality of con- 
verging optical systems as the converging optical 
system and each of the plurality of converging op- 
tical systems is used to conduct recording and/or 
reproducing information for an information record- 
ing layer different from that of others. 



7. The converging optical system according to any of 
claims 1 to 6, further comprising a selecting device 
to select an information recording layer from the plu- 

15 rality of information recording layers, wherein re- 
cording and/or reproducing is conducted for the se- 
lected information recording layer. 

8. The converging optical system according to claim 
20 7, wherein the converging optical system comprises 

at least two final optical elements used for conduct- 
ing recording and/or reproducing for different infor- 
mation recording layers and wherein the selecting 
device selects one of the at least two final optical 
25 elements and the recording arid/or reproducing is 
conducted for an information recording layer corre- 
sponding to the selected final optical element. 

9. The converging optical system of claim 7 or 8, 
30 wherein the selecting device changes a wavelength 

of the light source in accordance with the informa- 
tion recording layer to be conducted recording and/ 
or reproducing. 

35 10. The converging optical system of claim 2 to 9, 
wherein at a light source side of the final optical el- 
ement is provided an optical element to change a 
degree of divergence or a degree of convergence 
of an incident light flux on the final optical element/ 

^o in accordance with the information recording layer 
to be conducted recording and/or reproducing. 

1 1 . The converging optical system of claim 10, wherein 
the optical element to change a degree of diver- 

^5 gence or a degree of convergence comprises a pos- 
itive lens or lens group having a positive refracting 
power and a negative lens or lens group having a 
negative refracting power and wherein at least one 
of the positive lens or lens group and the negative 

so lens or lens group is a displaceable element. 

1 2. The converging optical system of claim 11 , wherein 
the optical information recording medium has a first 
recording layer and a second recording layer pro- 

55 vided in that order from the final optical element 
side, when recording and/or reproducing is con- 
ducted for the first recording layer, a gap between 
the positive lens or lens group and the negative lens 
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or lens group is increased from the case that record- 
ing and/or reproducing is conducted for the second 
recording layer. 

13. The converging optical system according to any of 
claims 7 to 12, wherein the optical element to 
change a degree of divergence or a degree of con- 
vergence corrects a spherical aberration or an axial 
chromatic aberration interfering recording and/or 
reproducing information for the information record- 
ing layer to be conducted recording and/or repro- 
ducing. 

14. The converging optical system of claim 11, wherein 
the optical element to correct the spherical aberra- 
tion or the axial chromatic aberration comprises a 
positive lens or lens group having a positive refract- 
ing power and a negative lens or lens group having 
a negative refracting power and satisfies the follow- 
ing formula: 

vdP > vdN 

where vdP is an average of Abbe's number of d-line 
of all positive lenses including the positive lens or 
lens group, vdN is an average of Abbe's number of 
d-line of all negative lenses including the negative 
lens or lens group. 

15. The converging optical system of claim 14, wherein 
the vdP and the vdN satisfy the following formulas: 

vdp > 55 



ing a specific gravity of 2.0 or less. 

20. The converging optical system according to any of 
claims 1 to 1 9, wherein the con-verging optical sys- 

5 tern has an optical element made of a plastic mate- 
rial. 

21. The converging optical system according to any of 
claims 1 to 20, wherein the converging optical sys- 

10 tern has an optical element made of a material hav- 
ing a saturation water absorption of 0.5% or less. 

22. The converging optical system according to any of 
claims 1 to 21, wherein the converging optical sys- 

15 tern has an optical element having an internal trans- 
mission rate of 85% or more at a portion having a 
thickness of 3 mm for the light flux having a oscilla- 
tion wavelength of the light source. 

20 23. The converging optical system according to any of 
claims 1 to 22, wherein the converging optical sys- 
tem has at least two diaphragms to regulate an im- 
age side-numerical aperture for the plurality of in- 
formation recording layers of the optical information 

25 recording medium. 

24. The converging optical system of claim 23, wherein 
at least one of the at least two diaphragms is located 
between a final optical element and the optical in- 

30 formation recording medium. 

25. The converging optical system according to any of 
claims 1 to 24, wherein the converging optical sys- 
tem comprises an optical element formed by etch- 

35 ing. 



vdN < 35. 

16. The converging optical system according to any of 
claims 7 to 15, wherein the optical element to 
change a degree of divergence or a degree of con- 
vergence changes a distribution of refractive index. 

17. The converging optical system according to any of 
claims 1 to 16, wherein the converging optical sys- 
tem has an optical element having an aspherical 
surface. 

18. The converging optical system according to any of 
claims 1 to 17, wherein the converging optical sys- 
tem has an optical element having a diff ractive sur- 
face provided with a ring-shaped diffractive struc- 
ture. 

19. The converging optical system according to any of 
claims 1 to 18, wherein the converging optical sys- 
tem has an optical element made of a material hav- 



26. An optical pickup apparatus for recording and/or re- 
producing information for an optical information re- 
cording medium having a plurality of information re- 

40 cording layers, said apparatus comprising the con- 
verging optical system according to any of claims 1 
to 25. 

27. A method of recording and/or reproducing informa- 
45 tion for an optical information recording medium 

having a plurality of information recording layers 
with an optical pickup apparatus which comprises 
a light source to emit a light flux; and 
a converging optical system to converge the 
so light flux emitted from the light source onto each in- 
formation recording layer of the plurality of informa- 
tion recording layers, 

the method comprising 
conducting recording and/or reproducing in- 
55 formation for the each information recording layer 
by converging a light flux having an image side-nu- 
merical aperture of 1 .0 or more onto the each infor- 
mation recording layer. 
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28. The method according to claim I 

wherein the converging optical system has a 
final optical element opposite to the optical informa- 
tion recording medium. 

5 

29. The method according to claim 28, 

wherein the optical information recording me- 
dium comprises a transparent base board on an in- 
formation recording layer positioned closest to the 
converging optical system, and the transparent io 
base board has a thickness larger than a wave- 
length of the light source; 

and wherein final optical element is arranged 
opposite to the optical information recording medi- 
um with a gap smaller than the wavelength of the 
light; 

the recording and/or reproducing for the each 
information recording layer is performed by con- 
verging said light flux onto each information record- 
ing layer through the transparent base board. 20 

30. The method according to claim 28, wherein a final 
optical surface of the final optical element comes in 
contact with a surface of the optical information re- 
cording medium. 2 $ 

31 . The method according to claim 28, wherein the gap 
is not larger than (1/4) of the wavelength of the light 
source. 



32. The method according to any of claims 27 to 31, 
wherein the converging optical system according to 
any of claims 1 to 25 is used. 
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FIG. 5(a) 



FIG. 5 (b) 
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FIG. 8(a) 



FIG. 8(b) 
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